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PALEONTOLOGY . — Ou some Tertiary fossils Jrmn ilte Pribilof 
Islands.^ William H. Dall, U. S. National Museum. 

In 1899 I enumerated the fossils found at Black Bluff, St. Paul 
Island, Bering Sea, Alaska.® They occur at this place in frag- 
ments of sedimentary rock tom from the ocean bed and up- 
heaved with their enclosing lava above the sea level. Mr. G. 
Dallas Hanna, of the U. S. Bureau of Fisheries, who has been 
stationed on the island for a number of years, reports that the 
Black Bluff locality is now entirely exhausted of its fossils. 
However, this loss is more than made up for by the discovery 
of two new localities, one on St. Paul and one on St. George 
Island. Curiously enough the locality on each island is locally 
known as Tolstoi Point, the Russian word Tolstoi meaning 
“broad” being used geographically in numberless localities in 
Alaska. 

The collection is of interest as linking up the age of the strata 
from which these fragments were derived with the beach deposits 
at Nome which are referred to the late Pliocene. 

In Mr. Hanna’s collection are 47 species of which 44 are 
mollusks, 31 gastropods and 13 bivalves. 

The St. Paul collection has only seven species, all found on 
both islands and also found at Black Bluff, so they are possibly 
of the same age as the Black Bluff series. Of the St. George 

1 Published with the permission of the Director of the U. S. Geological Survey- 

2 The Fur Seals and Fur Seal Islands of the North Pacific Ocean, part III. Pp. 
546. Government Printing Office. 1899, 



TABJJB I 

Fossn/S CoLLBCT®D BY Mr. G. Daixas Hanna from Ssdimrntary Incz/USIons 
IN TOR VOI^CANIC ROCBB OF ST. PAXJI. AND SX. G^ORGQ ISI/ANDS, BEMNO SEA. 




Admete sp. aff. A. middendorffiaiia Dali 

Chrysodomus pribUoffends DaH 

Ctirysodomiis saturus Maiiyn 

Cbrysodomus saturus tabulaxis Dali 

Chrysodomus solutus Hermann 

Chrysodomus solutus elaiior Middendorfi 

Chrysodomus solutus cordatus DaH n. var 

Chrysodomus borealis Philippi 

Colus sp. n 

Colus sp. indet 

Colus sp. indet 

Colus sp. indet 

Colus sp. indet 

PUcifusus sp. indet, 

Plicifusus arctlcus Philippi 

Volutop^us sp. aS. malleatus Dad 

Volutopsius sp. aS. regularis Dali 

Pyrulofusus sp. e£t. harpa Mdrch (dextral) 

Pyrulofusus s^. aff. deformis Gray (sinistral) 

Buccinum ^adale parallelum Dali 

Bucdnum tenue Gray 

Buccinum sp. indet 

Boreoscala greenlandica Perry 

Argobuccinuni oregonense Reddeld 

Trichotropis n. sp 

Iphinoe kroyeri Philippi 

Tachyrhynchus n. sp 

Natica clausa Broderip & Sowerby 

Natica aleutica Dali 

V^utina laevigata Pennant 

Cingula robusta Dali 

Pecten (Chlamys) islandtcus beringianus Middendorff 

Thracia curta^Coourad 

Astarte actis Dali 

Astarte sp. indet. 

Astarte sp. indet - 

Rodiefortia sp. indet 

Cardhim californiexxse Deshayes 

OAfritittTi ciliatum Pabricius. 

Sernpes grdnlandicus Gmelin 

Spisulfi alaslcana Dali 

Mya intennedia Dali 

Saxicava pholadis Dinnife 

Panomya ampla? Dali 

PolyzoSn 

Turbedaria? 

Balanus fragments 
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spedmens seven species appear to be new out of thirty-three 
which are specifically iden^able, or neatly 20 per cent. 

The ensemble of the collection points to climatic conditions 
simil ar to those prevailing at present in the region, while the 
earliest Nome bed indicates decidedly warmer water. It is 
probable that this Pribilof fauna conformed to more rigorous 
conditions prior to the glacial epoch. 

The St. George collection as a whole has only seven species 
identical with those found at Black Bluff, St. Paul Island, 
which latter fauna is doubtless Pleistocene. With the Pliocene 
second devated beach fauna at Nome one-third of the St. George 
collection is identical, but in this third the characteristic warmer 
water spedes are not represented. So I condude that the 
material obtained by Mr. Hanna represents a period later than 
the Nome second beach and earlier than that of the Black Bluff 
fauna. A list of the spedes is given in table r. The type 
spedmens are preserved in the U. S. National Museum. 

BOTANY. — The ancestry of maize. J. H. EZempton, Bureau of 
Plant Industry. (Communicated by William R. Mason.) 

In a recent artide entitled The solution of maize, Weather- 
wax‘ raises again the issue of the origin of the genus Zea. Hef 
reviews the literature, summarizes the descriptions, and presents 
in a new light many of the morphological differences and 
dmilarities of Zea mays and the rdated plants, Euchlaena 
luxuriant and Tripsacum dactyloides. Students of these genera 
win welcome the bringing together of these descriptions, accom- 
panied as they are by excdlent illustrations. Since the artide 
aims at a comprehensive evaluation of the rdationdiip of these 
genera, it is perhaps unfortunate that mudi of the “gross 
m<Mphology” has been disregarded, with a consequent over- 
emphasis of the organological features. There are, moreover, 
afewmisstatemeuts, and some of the views of previous workers 
seem to have been ndsintetpreted. It is hoped that a discussioo. 
of these points will contribute to a bettor understanding of the 
subject. 

^ PAUb. The make. ^vBt*t<mxssrQbi^ 4S: 

isns. ' , t 
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In the description of Zea, the statement appears that varia- 
tion in this genus is mostly quantitative in nature, a conclusion 
hardly justified by the facts. The line of demarcation between 
quantitative and qualitative variation is, of course, more or less 
arbitrary, but there can be no question that Zea stands apart 
from related genera in the number of discontinuous variations. 
It is tmforttmate that Weatherwax has not had the opportunity 
to become acquainted with the instructive variations isolated by 
experimental breeders. 

Another statement that must be challenged is that branches 
of maize may arise “singly or two or more from one node” (p. 
316). It is difficult to understand how this error survived a 
second reading. Reference is made, however, to a text figure for 
substantiation. This figure seems to have been drawn from a 
normal plant and furnishes no evidence of this most unusual 
type of branching. 

Equally surprising, from a morphologist, is the confusing of 
husks or bracts with prophyUa. On page 314 we learn, “. . . . 
and the shortness of its axis enables the leaf sheaths to cover the 
inflorescence and mature fruit. In some cases the laminae and 
ligules of these prophyUa are present (Kg. 6) but often they are 
lacking (Eig. 7).” Again, in the legend under Eig. 7, page 
315, “the prophyUa have lost their laminae and Hgules.” 
That prophyUa sometimes possess laminae and Ugules would 
be an important observation, if true, but it seems dear that the 
author has failed to distinguish between these most interesting 
and highly spedalized organs and the relatively unspedalized 
bracts, or husks. This confusion by a professed morphologist 
is the more astonishing in view of the unusual structure of 
prophyUa and their consequent interest from a morphological 
standpoint. 

In drawing attention to the unsatisfactory treatment accorded 
the female inflorescence of teosinte by previous investigators, 
Weatherwax has, inadvertently no doubt, misquoted CoUins, 
and in justice a correction should be noted. We have, quoting 
from Weatherwax; “CoUins' description* (p. 525) of the spike 

* CoixiMS, G. N. The crigfn of maise. Joum. Wa^ Acad. Sd. a: 520:530. 
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as ‘one rowed’ is equally misleading.” In looking for this 
reference I have succeeded in finding only the following, which 
appears as a footnote on page 525 and not as a part of a de- 
scription of this genus: “As might be expected theoretically 
the early generation of the hybrids between single-rowed teosinte 
and double-rowed maize occasionally result in an odd number of 
rows. Well formed ears with 3, 5, 7 and 9 rows have already 
been observed in such hybrids.” Without the context the 
distinction between “single-rowed” and “one-rowed” may seem 
slight, but when contrasted with the double or paired rows of 
maize it is difficult to understand how the meaning could have 
been perverted. 

The major part of the paper is devoted to a discussion of the 
relative merits of the several theories of the origin of maize, 
and the conclusion is reached that maize developed by simple 
evolution from a grass somewhat similar to the Andropogoneae. 
While this solution is not new, organological evidence is con- 
tributed which the author believes affords it additional support. 
In reaching his conclusions it would seem that Weatherwax has 
overlooked some important considerations and misinterpreted 
others, and it may be well, therefore, to examine his evidence 
somewhat in detail. 

The author has foimd organological evidence of the perfect- 
flowered nature of all spikelets of the genera Zea, Buchlaena, and 
Tripsacum, a fact which satisfactorily accounts for the true- 
breeding perfect-flowered races of Zea but does not explain the 
infrequency with whidi such flowers are found in Tripsacum and 
Buchlaena. If well developed perfect flowers are ever found 
in the pistillate inflorescences of Buchlaena or Tripsacum, they 
occur very rarely and may not be compared with their rdativdy 
normal development in Zea. The importance of this disparity 
in the frequency of perfect-flowered variations should not be 
overlooked in determining whether Zea or Euiffilaena is the 
more primitive t3q)e. 

In indicating the evolution of these genera, the author has 
recorded the changes that have taken place and has constructed 
a seemingly plausible sequence of events which may prove mis- 
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leading. There is and can be no question that Zea, Euchlaena, 
and Tripsacum have a common ancestry, but whether the 
differences between Zea and the other genera can be more satis- 
factorily explained b^" ascribing the diversities to simple evolu- 
tion from a single common ancestor than by assuming a hybrid 
origin is a question that to the writer’s mind has not been fully 
appreciated by Weatherwax. To answer these questions, 
differences must be considered, as well as similarities. 

One of the chief differences between Zea and the other genera 
lies in the form of the pistillate inflorescence, or ear, the origin 
of which has been the subject of much discussion. The theory 
recehdng the greatest support is that of fasciation, proposed by 
HackeT and accepted b^’' Gemert,^ Worsdell,^ and others. This 
theory is open to the objection that it fails to account for the 
fact pointed out by Mrs. Kellerman® and Montgomery,^ that the 
ear is the homologue of the central spike of the tassel. Collins* 
has called attention to the fact that the central spike is as much 
in need of explanation as the ear, and has suggested an alter- 
native theoiy, which has been adopted by Weatherwax, that the 
central spike originated by the shortening of some of the branches 
of the panicle until they were reduced to paired spikelets. On 
this basis the ear is homologous with the central spike, the re- 
duction of the branches having occurred before the male and 
female inflorescences were differentiated. 

While the latter theory would seem to fulfill the conditions, 
the case for fasciation cannot be peremptorily dismissed without 
some explanation of the frequent occurrence of bifurcated ears 
which breed true. Further support of the fasciation theory 
is to be foimd also in a true-breeding race having fasciated and 
bifurcated central spikes, which we have succeeded in isolating. 
The full description of this mutation wiU be published shortly. 

® HACsm, B. Gramineae. Engl. & Prantl, Nat. Pflanzenfam. 2: 1-97. 1889. 

* Gbxin&sx, W. B. Analysis of characters in com and their behavior in trans- 
mission. Champaign, HI. 1912. 

® WoRSDEix, W. C. The principles of plant teratology, Vol. 2. London. 1916. 

* KsT/TjtRMAN, Mrs. W. a. Primifhe com. Median’s Monthly 5: 44. 1895. 

^ MoNTGOMBRy, B. G. What is an ear of com? Pop. Sci. Mo. 68: 55-62, figs 
1—14 1906. 

» Op cit. 
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Contrary to Weatherwax’s assertion, there is in reaEty no 
mathematical difficulty involved in developing ears with ten, 
fourteen, or eighteen rows by the fasdation of 4-rowed branches. 
Ears having rows in these numbers can be obtained by the 
abortion of a row of paired spikelets or the abortion of the pedi- 
cehed spikelets of one of the (bmponent branches, both of which 
phenomena are of rather frequent occurrence. Moreover, the 
writer is inclined to believe that a statistical investigation would 
probably show varieties with ten, fourteen, and eighteen rows 
to be less common than those having rows that are multiples 
of 4. The very large number of 8-rowed varieties and the 
complete absence of 6-rowed varieties have also to be con- 
sidered. 

In view of the fact that maize is intermediate in a great many 
req)ects between the specialized characteristics of teosinte and 
the more primitive characteristics found in pod com, Collins 
conceived the idea that it probably originated as a hybrid be- 
tween teosinte and a primitive grass having many of the char- 
acteristics of pod com. Weatherwax’s contention that pod 
com can not be accepted as a “primitive type” seems beside the 
point, since no one but the very early writers has hdd such a 
view. The various types of pod com do, however, afford a 
series of characters that may properly be called primitive, since 
they are shared by many species of Andropogoneae. The fact 
that these characters are not all combined in a single mutation, 
but have occurred independently in various combinations, would 
seon to strengthen rather than weaken this evidence that they 
are ancestral. And since there is no genetic obstacle to uniting 
the characters of the various types by properly sdected matings, 
there can be no objection to their theoretical combination. 
Furthermore, since pod com appears as mutations from highly 
specialized commercial varieties, there surdy need be no surprise 
that the so-called earless plants have undevdoped ear buds in the 
krils of their leaves. 

A confusion of terminology doubtless accounts for the dis- 
agreement between Collins and Weatherwax on the presence of 
staminate flowers in the brandies of pod com. There are, of 
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course, in pod com as in the normal maize from which it mutated, 
two kinds of branches, those with shortened intemodes borne 
on the upper part of the plant, known as ears, and the more or 
less dongated lower branches known as tillers or suckers. As 
is wdl known, the latter are frequently similar in all respects 
to the main stalk and may terminate in an entirely staminate 
panide. In making the statement that staminate flowers had 
not been found on the branches of pod com, Collins was refer- 
ring to the upper branches, while Weatherwax in contradicting 
this observation is undoubtedly referring to the basal branches, 
or suckers. The imputation that suckers have been confused 
with independent plants would hardly occur to one familiar 
with genetical methods. 

Another fundamental difference between pod com and 
teosinte, which, through an apparent misunderstanding. Weather- 
wax has attempted to discredit, is the occurrence of branches 
in the axils of prophylla. Collins’ statement that such branches 
were the rule in teosinte and had not been observed in pod com 
meets with the disapproval of Weatherwax, who states that he 
has frequently observed such branches which can be induced 
by the destruction or injury of the terminal bud. As has been 
previously stated, Weatherwax fails to understand the funda- 
mental distincticm between prophylla and bracts, which may be 
due to the fact that the differences are of such a magnitude as 
to be easily detected with the naked eye and as such come under 
the heading of "gross morphology.” 

That all brandies are enclosed in prophylla does not mean 
that they are borne in the axils of such prophylla, since these 
leaf-organs are borne on the short basal joints of the branches 
which they endose! In Euchlaena and in some types of maize, 
branches are developed from buds in the axils of prophylla, as 
well as from buds in the axils of leaves and hudcs, but in pod 
com we have never found such prophyUary branches. Sec- 
ondary branches in the axils of husks are easily induced in almost 
any type of maize by preventing the devdopment of the ear, 
but we have never su(x:eeded in forcing the devdopment of 
buds in the axils of prophylla. In view of the evident mis- 
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understanding it seems doubtful whether Weatherwax has 
found branches in the axils of the prophylla enclosing branches 
of pod com. It has to be considered also that the significance 
of such a phenomenon depends in a large measure on the fre- 
quency of its occurrence. It may be expected that in course of 
time and by examining a sufficiently large number of plants 
an industrious morphologist would find an example of pod com 
with branches in the axils of prophylla, though as yet none has 
been observed. 

There is apparently also a similar misunderstanding with 
respect to the “mixed inflorescences” in teosinte. Collins states 
in effect that he has never observed pistillate flowers in the male 
panicle or staminate flowers in the female inflorescences of 
Ettchlaena. It is not quite dear from Weatherwax’s contradic- 
tion of this statement whether he refers to the panide ter mina - 
ting the main cuhn or to the panides terminating primary, 
secondary, tertiary, or branches of higher order. In examining 
several thousand plants of the commerdal teosinte of Florida 
we have never found even an indication of pistillate flowers 
in the tassels of the main culms, and their occurrence in the 
tassels of basal primary branches is rare. ' Pistillate spikdets, 
however, are common in the terminal inflorescences of secondary 
branches and branches of a higher order. This point is im- 
portant, since in both maize and teosinte the branches are less 
specialized than the main culms. Unless great care is exercised 
in growing plants, confusion is likdy to arise between branches 
and main stalks. Unfavorable climatic conditions in the early 
stages of growth will often result in the abortion or only partial 
devdopment of the main culm. This abortion of the main 
culm will not be detected at maturity unless the plants have been 
marked. While it may be that Weatherwax has actually found 
pistillate spikdets in the main panide of the central cuhn, in 
view of the possibilities of error his statement diould be accepted 
with reservation until more definitdy substantiated. 

With respect to the occurrence of flowers of both sexes in the 
female inflorescence, it is apparent that Weatherwax is again 
confusing two separate and distinct phenomena. Investigators 
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familiar with teosiate are wdl aware of the fact that the female 
spikes often terminate in staminate tips. These staminate tips 
corre^ond to the same phenomenon on the ears of maize, but the 
occurrence of entirely male spikdets definitdy located at the 
less specialized tip should not be confused with perfect flowered 
spikdets located in the alveoli of the highly spedalized rachis 
at the base of the spike. The occurrence of sharply differ- 
entiated staminate tips on the pistillate spikes of teosinte seems 
to emphasize, rather than minimize, the greatly spedalized 
nature of the female inflorescences. The transition from single 
pistillate to paired staminate spikdets is abrupt and is accom- 
panied by an equally abrupt change in the rachis and glumes. 

It must be repeated that there is a complete absence of func- 
tioning stamens in the specialized pistillate portion of the spikes 
of teosinte, while in maize perfect-flowered spikdets not only 
have been found throughout the entire ear, but strains breeding 
true for this condition have been isolated. The fact that aU 
spedes of the Maydeae are structurally bisexual should not be 
allowed to obscure the importance of this point. 

A careful study of teosinte, not only in the large commerdal 
plantings of Mr. Heinisch in Florida, but also in widdy diverse 
environments and under carefully controlled breeding experi- 
ments, together with a study of hybrids between the Floridian 
and Mexican types, fails to show a variation at all comparable 
with that observed in even carefully bred varieties of maize. 
The chief support of a hybrid origin for maize lies not only in 
single character differences or siniilarities but also in the more 
general features which have been overlooked or lightly dismissed 
by Weatherwax. The greater frequency of variation in maize 
compared to almost any other spedes seems to the writer to 
offer a very reasonable ground for doubting its simple evolution 
from the same common ancestor with Budilaena and Ttipsacum. 

Adde from the extreme variability, it is hard to understand, 
with Weatherwax’s theory, how, sharing as they did the same 
habitat, Zea and Euchlaena ever became differentiated. They 
hybridize readily, the hybrids are perfectly fertile, and they 
beccone indistinguishable when grown together. 
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With respect to the many true-breeding abnormal forms, 
Weatherwax admits that a single ancestral tjipe combining all 
of these cannot be visualized, but with this evidence he is still 
loath to accept an additional ancestor. The statement “that 
many of the tetratological conditions that do not fit into the 
foregoing theory (simple evolution) as reversions are not in- 
herited” can hardly be passed unchallenged without an enumera- 
tion. Practically all maize breeders are familiar with many 
true-breeding tetratological forms which cannot be looked upon 
as reversions to a single ancestral line. 

It is difficult to imderstand why the fundamental differences 
between Zea and other members of the Maydeae should be 
overlooked and a theoiy adopted whose chief support lies in the 
fact that teosinte and Tripsacum share with maize the rudiments 
of perfect flowers. It scarcely needs argument to prove that all 
are descended from perfect-flowered ancestors. The suppression 
of sex organs is a universal attribute of any unisexual organism 
and as a basis for proving relationship is equal in every respect 
to the observation of Weatherwax, “that common to all three 
genera (Zea, Euchlaena, and Tripsacum) is the jointed vegetative 
stem.” 

AGRICUI/TURE . — The size of Maya farms. O. P. Cook, 
Bureau of Plant Industry. 

Among many parallel features of the ancient civilizations of 
Peru and Mexico wert the methods of producing and distributing 
the supplies of food. Each householder had an assignment of 
land to produce food for the family. An area sufficient for a 
man and his wife was known in Peru as a topo, tupii, or topi*. 
Another topo was granted for each boy and half a topo for each 
girl, perhaps because more feasts and ceremonies were required 
in raising boys. In addition to the Adds asdgned to families, 
the people of eadi community were diarged with the cultivation 
of lands set aside for the support of the priests and for other public 
purposes. A natioaal system of stordiouses was maintained 
by the Inca government as a protection against distress from 
crop failures or other local disasters. : ' 
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The system followed by the Mayas of Yucatan has been de- 
scribed by Brinton as follows: 

Personal tenure of land did not exist. The town lands were divided 
out annually among the members of the community, as their wants 
required, the consumption of each adult being calcidated at twenty 
loads (of a man) of maize each year, this beir^ the staple food. 

I mention this particularly in order to correct a grave error in Tanda’s 
Relacion de las Cosas de Yucatan, p. 130. He says, “Suelen de costumbre 
sembrar para cada casado con su muger medida de CCCC pi^s que Uaman 
hun-uinic, medida con vara de XX pies, XX en andio y XX en largo.*’ 
The agrarian measure uinic or hun uinic (one man) contained 20 kacm, 
each 24 yards (varas) square. One kaan was estimated to 3ddd two 
loads of com, and hence the calculation was forty loads of the staff of 
life for each family. Landa’s statement that a patch 20 feet square 
was assigned to a family is absurd on the face of it.^ 

Since Bishop Tanda*s Relacion is by far the largest body of 
direct knowledge of the Maya civilization, it is worth while to 
remove an unwarranted impeachment of the practical value of 
this important record. The passage quoted by Brinton may not 
be free from ambiguity of construction, but the charge of ‘‘grave 
error” is hardly to be justified. Neither the Spanish original 
nor the accompanying French translation of Brasseur de Bour- 
bourg is “absurd** in the manner alleged. Instead of a patch 
20 feet square, a square of 400 feet on each side is indicated by 
Tanda; that is, 400 times as murfi land as Brinton supposed. 
Confusion doubtless arose from the use of the words medida and 
vara in senses that are somewhat unusual, though hardly to be 
misunderstood in relation to the context. Substitution of que 
for lo qual also makes Brinton's transcription of the passage 
appear more casual and ambiguous than the original. The 
sense may be stated as follows: 

They follow the custom of sowing for each married man and his 
wife an area 400 feet square, which “they call hun uimc, measured with 
a stick 20 feet long, 20 sticks in breadth and 20 in length. 

Brinton does not state the source of the figures that he would 
substitute for Landa’s, but since the two versions fall within the 
same order of magnitude they may be said to confirm rather 
than to contradict each other. The Bishop’s “one man** area 

I BxuNroN, D. G. The Maya Chronicles, 27, 18S2, the second i)aragtaph as a 
footnote. See also. Essays of an Americanist, 438, 1890. 
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amotmts to 160,000 square feet, the other to 103,680 square 
feet, in our system corresponding to 3.67 acres and 2.38 acres, 
respectively. It could not be expected that all of the lands 
would produce equally, and the report may relate to different 
districts where the sticks used in measuring the fields were not 
of the same length. 

The word feoaw, defined by Brinton as an area, seems to have 
been the name of the stick or cord used in measuring, but since 
each kaan of length would represent one-twentieth of the hun 
%iinic unit, the kaan might serve also as a measure of area. Using 
a 20-foot stick, 20 kaan in length would amount to 400 feet, 
and the kaan area to 8000 square feet. Reducing the stick to 
16 feet would restrict the kaan as an area to 5120 square feet, 
nearly equivalent to Brinton’s kaan of 5184 square feet, or 
square of 24 yards. In eastern Guatemala canquib or kankib 
is the native name of small, slender palms of the genus Chamae- 
dorea, with smooth, long-jointed trunks less than half an inch in 
diameter, ideally adapted for measuring-rods. The usual mean- 
ing of can is '‘yellow,'* while qnib is a general name for small 
reed-like palms. 

The harvest of foity-man-loads of maize from the Maya farms 
in Yucatan might be estimated roughly at about 80 bushels, 
not a large yield for two or three acres, but maize is seldom very 
productive in tropical countries of low elevation. At altitudes 
of 9,000 to 11,000 feet in the Cuzco district of Peru a topo of 
maize, equivalent to about seven-tenths of an acre, is expected 
to yield 8 to 10 fanegas of 260 potmds each, corresponding roughly 
to 42 and 52 bushels per topo, or from 60 to 75 bushels per acre. 
The topo is reckoned now at 4,000 square varas, equivalent to 
30,820 square feet, but may have been larger in ancient times. 
That the family requirement of maize under the Inca system 
should have been smaller than among the Mayas could be ex- 
plained by more extensive use of other foods, as potatoes, ocas, 
uHucus, and quinoa, in the Peruvian tablelands. 

The ancient agricultural system of the Pima Indians of Arizona 
provided a farm unit of 100 steps *‘of the same foot,** as stated 
by Russell, used in dividing the cultivated lands among those 
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who helped to btiild the irrigation ditches. Farms of loo or 
200 steps were assigned, ‘‘according to the size of the family.*' 
Since a “step of the same foot,” at an ordinary walking gait, is a 
little more than four feet, the Pima urdt may be estimated at 
about four acres, or slightly larger than the Maya “one man” 
area, 400 feet square. Allotments of 10 acres of irrigable land 
are now being made to each member of the Pima nation. 

ORNITHOLOGY. — Spizixidae, a new family of f^mojtoiine 
Passeriformes. Harry C. Obbrholsrr, Biological Survey. 

Further researches in the family Pycnonotidae apparently make 
necessary the removal of still another group as the type of a 
separate family. The genus Spizixos is not at all closely allied 
to its present family associates, and the proper course seems, 
therefore, to be its segregation as a new family, which will bear 
the name 

Spizuddae, fam. nov. 

Diagnosis. — Similar to the Pycnonotidae, but bill shorter, stouter, 
and somewhat compressed, its height at base much more than half the 
length of the exposed cuhnen, and equal to the length of bill from 
nostril (instead of much less), its width at the anterior end of nostrils 
equalling or exceeding one-half the length of the exposed culmen (in- 
stead of much less); lateral outline of maxilla somewhat convex (in- 
stead of concave) ; mandible, basally broad, its width at the beginning 
of the interramal feathering (angle of gonys) equal to the length of 
Zoays (instead of only one-half to two-thirds the length of same); 
interramal space anteriorly broadly rounded, almost U-shaped (in- 
stead of narrow, triangular, and rather pointed — ^nearly V-shaped), 
and rami posteriorly almost parallel, instead of being widdy divergent; 
gonys much up-curved distsdly; culmen strongly decurved from ex- 
posed base; bristles of chin much developed, readbing beyond the 
middle of the bill; nostrils entirely and densely covered by antrorse 
bristly feathers. 

Family characters. — ^Bill thick, short and pyrrhuline; culmen rounded, 
curving down from the frontal feathers; angle of gonys opposite the 
anterior end of nasal fossae; gonys sharply ascendmg dist^y, keeled 
distally, but rounded proximally; terminal portion of maxinfl. tomium 
strongly notched; late^ outline of maxilla convex; interramal spac^e 
anteriorly broadly U-haped, the rami posteriorly almost parallel; 
nostrils small and rotmded, situated at the anterior edge of the nasal 
fossae and nearly on a level with the surrounding rostr^ surface; entire 
nasal fossae <x>vered by sriffih antrorse feathers ; head entirely feathered 
and with long nuchal hairs; tail of twdve feathers, dightly rounded. 
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and long, occupjdng more than one-half the total length of bird; wings 
moderatdy short and rounded, the first primary spurious, but more 
than half flie length of the second, and the tertials ^ort; feet of moderate 
size; tarsi short, and scutellate, but sometimes rather indistinctly so, 
daws of moderate size. 

Type genus. — Spizixos Blyth. 

Remarks . — ^This new family seems to be a considerably specialized 
offshoot of the Timaliine stem. In its nuchal hairs, feet, tarsi, and 
general characters, it is evidently rdated, at least in a general wa5% to 
the Pycnonotidae. So far as we can judge from its external structure 
it does not exhibit any distinctively corvine, parine, or fringilline char- 
acters. Of the genera composing the family Pycnonotidae^ the Spizixidae 
seem most dosdy allied to Criniger Temminck. In the dosdy covered 
nostrils they resemble the Irenidae, but are, of course, otherwise differ- 
ent, and apparently lead from Crinigej in the Pycnonotidae to the 
Irenidae 

The two species and the two additional subspecies which make up 
this new family of birds, are all at present induded in the genus Sptzixos 
Blyth. A new genus is, however, needed for one of the spedes, and by 
the institution of this a new alignment of forms will necessarily follow. 

Spizixos Bl3rth. 

Sptztxos Bl3rth, Joum. Asiat. Bengal 14: 571. August, 1845. 
(Ty^ by monotypy, Spizixos canifrons Blyth). 

Generic characters. — Con^icuously crested; wing longer than tail; 
bill rdativdy less devated, its height at base less than the length of 
gonys; subterminal commissural tooth of maxiUa strongly devdop^, 
its infero-posterior salient angle diarp, about equal to a right angle, its 
anterior upper edge slightly concave to tip of bill. 

Type. — Sptzixos canifrons Blyth. 

Remarks . — The type is the sole ^edes, though this genus also in- 
dudes a recently described subspedes.^ The forms of this group are, 
therefore, Spizixos canifrons canifrons Blyth, Sptzixos canifrons in- 
grami Bangs & Phillips. 

CophixttS,^ gen. nov. 

Generic characters . — Similar to Spizixos Blyth, but head not crested; 
wing shorter tlmn tail; bill relatively more devated, its height at base 
at least equal to the length of %onys, often more; subtertoinal com- 
missural tooth of maxilla less strongly devdoped, its infero-posterior 

^ Spisnxus camfrons ingrami Bangs & FluUips. BulL Mtts. Coanp. Zool. 58: 
385. Apnl, 1914. (Mengtsze, Yunnan, China.) 

» obtusus; ixus =* viscum. 
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salient angle obtuse, much more than a right angle; its anterior upper 
ec^ strongly convex to tip of bil 

Type.-Spidm smiiorques Swinhoe. 

Remarks.— new genus contains two nominal species. Spiidm 
semiiortpies Swinhoe, from eastern China, and Spimos cimeicapiUus 
Swinhoe firom Formosa. The latter is, however, although conhned to 
the island of Formosa, clearly but a subspecies of theformer, as its indi- 
vidual variation indicates. The forms of the present genus, therefore, 
stand as; Cophixus semiiorguei semitorqm (Swinhoe), Cophim semi- 
torques cmrekapilks (Swinhoe). 
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Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themsdves, are forwarded promptly to the editors. 
'The abstracts ^ould conform in length and general style to those appearing in 
this issue. 

PHYSICS. — The specific heat of pladmm ai high temperatures. WaIt 
tBR P. Whetb. Phys. Rev. 12 : 436-441. December, 1918. 

The specific heat of platmuin has been redetermined from 100® to 
1300* with a precision estimated to be better than 0.3 per mille and 
with very satisfactory agreement with the results of Gaede at 100“ 
and with those of Plato, Corbino, Magnus, and Pabaro at higher tem- 
peratures. Most published results below xoo® appear to be i per 
cent or more too high. The atomic heat of platinum at constant vol- 
ume is, from too® up, above the value 5.96, indicated by Dulong and 
Petit’s law and by the accepted kinetic theories of the solid state, 
and also increases regularly to 1300® and probably beyond that. 

W. P. W. 


PHYSICS. — Heat cowoection in air, and Newton’s law of cooling. Wab- 
TBR P. Whitb. Phys. Rev. 10 : 743-755. December, 1917. 

In very narrow layers of air between vertical surfaces at different 
temperatures the convection currents, in the main, flow up one side 
and down the other, with eddyless (stream-line) motion. It follows 
that these currents transport heat to or from the surfaces only when 
they turn and flow horizontally, from which fact it follows, in turn, 
that the convective heat transfer is independent of the height of the 
surface. It is, according to the laws of eddyless flow, proportional to 
the square of the temperature difference and to -the cube of the dis- 
tance between the surfaces. As the flow becomes more rapid (a. g., for 
a 20° difference and a distance of i .2 cm.), turbul^ce enters, and the 
above relations begin to change. The change is apparently gradual, 
and the present results, as wdl as some obtained by other e^erimenters, 
are rather negative as to the possibilily of e^resang the flow amply 

17 
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for the corresponding range of conditions^ which covers those most 
usual in calorimetry. The results, however, are sufficient to serve as a 
practical guide in calorimeter designing. For the dimensions tested, 
the transmission of heat by convection in horizontal layers was a little 
over twice that in vertical. W. P- W. 

PHYSICS. — The necessary physical assumptions underlying a proof of 
the Planck radiation law- F. RussBr.1. v. Bichowsky. Phys. 
Rev. 11 : 58-65. January, 1918. 

In order to prove Planck’s radiation law by means of the quantum 
theory, only two physical assumptions need be made: first, that energy 
is absorbed or radiated by a radiating system in quanta of hv\ second, 
that a radiating system has the statistical properties of a perfect gas, 
i- that Maxwell’s distribution law holds for the distribution of the 
local values of the energy among the coordinates defining the state of 
the radiating system. (The usual auxiliary assumptions, such as 
Planck’s oscillators or Tarmor’s regions of equal probability, are not 
only unnecessary but misleading.) 

Although these two assumptions are sufficient for deriving the Planck 
radiation law, both of them, and particularly the latter, are very dubious, 
it being almost unthinkable that a radiating system can have the statis- 
tical properties of a perfect gas and yet not have the equipartition law 
hold. For these and other reasons it seems necessary to give up at 
least the second of the quantum hypotheses and to assume that the 
distribution of energy in a radiating system does not obey Maxwell’s 
law — ^that is, to assume that in a radiating system the distribution 
of the local values of the coSrdinates is a function not only of the energy 
of the system but also of some other variables. If we do this and as- 
sume, for definiteness, that the distribution of the local values of the 
generalized momenta is a function not only of the total energy E of 
the system but also of the Hdmholtz free energy A, and further assume 
that the total energy of a radiating system cannot be less than a cer- 
tain limiting value (Eo turns out to equal hv), we can, following 
the methods of Gibbs and Ratnowsky, derive in a very simple maimer 
the Planck radiation law, and moreover we can do this without assum- 
ing discreteness of radiant energy, without contradicting classical 
mechanics (equipartition does not hold for systems of this kind), with- 
out discarding infinitesimal analyds or without contradicting thermo- 
dynamics or the direct experimental evidence of the photoelectric 
effect that the hv law holds only as a limiting case* 
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A translation of the mathematical part of “The entropy equation 
of solid bodies and gases, and the universal quantum of actmty,” by 
Simon Ratnowsky (Ber. Deutsch. Phys. Ges* 16: 232 . 1916) is appended. 

P. R. B. 

ORNITHOLOGY. — A new bullfinch frmn China. J. H. Rmi^y. Proc. 
Biol. Soc. Wash. 31 : 33-34. 1918. 

• A new form of Pyrrhula erythaca Bl3rth, particularly interesting b}’- 
reason of its apparently widely isolated range in the mountains of Chili 
Province, China, was discovered by Geo. D. Wilder, of Peking, China, 
It differs from Pyrrhula erythaca erythaca in smaller size and several 
color characters. It is here named Pyrrhula erythaca wilderi in honor 
of its discoverer. Harry C. Oberhoi^^r. 

ORNITHOLOGY. — A revision of the races of Toxostoma redivivum 
(Gawbel). Harry C. Oberholser. The Auk 35 : 52-61. 1918. 

Of the four described forms of Toxostoma redivivum only one has 
been generally considered valid. The study of a large amount of ma- 
terial now makes it possible to recognize three geographic races. These 
are, Toxosioma redivivum redivivum (Gambel) from southern California, 
with which Toxostoma redivivum pasadenensis (Grinnell) is identical; 
Toxostoma redivivum sonomae (Grinndl) from northern and central west- 
ern California; and Toxostoma redivivum helvum (Thayer and Bangs) from 
northern Lower California. H. C. O. 

ORNITHOLOGY. — Swan Lakey Nicollet County, Minnesota, as a breed- 
ing ground for waterfowl. Harry C. Oberholser. Pins, Feathers 
and Pur 13 : 1-4. 1918. 

A thorough biological survey of Swan Lake, Nicollet County, Minne- 
sota, was made in 1917 to ascertain its value as a breeding groimd for 
waterfowl. It appears to be one of the two or three best lakes in 
Minnesota for this purpose. It is not deep, and is filled with a large 
number of species of water plants, many of which furnish ideal food 
for various lands of water birds. During the three days from July 25 
to 27, 1917, twenty spedes of water birds were observed on the lake, 
and forty-three species of land birds in its immediate vicinity. The 
lake is valuable, especially to the state of Minnesota, as an aid in the 
conservation of the game supply, and it should have permanent pro- 
tection. H. C. O. 



PROCEEDINGS OF THE ACADEMY AND AEEIWATED 

SOCIETIES 


THE PHILOSOPHICAL SOCIETY OP WASHINGTON ‘ 

The 8o8th meeting was held at the Assembly Hall of the Carnegie 
Institution, Novembw 9, 1918, Vice-President HumphrSys in tiie 
chair ; 65 persons present. The minutes of the 807th meeting were 
read in abstract and approved. 

J. C. Hammond presented the first p^er on Observations of Ike solar 
echpse of June 8, igi8, by the Naval Obseroaiory Eclipse Expedition. 
The paper was illustrated by katem slides. 

The party was located at Baker, Oregon. The program comprised 
(1) observing the times of the contacts, (2) photograpt^ the corona, 
and (3) photographing the fla^ spectrum. The equipment consisted 
of a 5-inch equatorud, a 3-inch Fauth transit witib a latitude level 
attached, three cameras of focal lengths 65 feet, 105 inches, and 33 
inches, respectively, and three spectrographs, eadi employing a concave 
grating and used without dit. 

A t& doud or haze over the sim during totality affected the results. 
The times of the contacts were determined, good photographs of the 
inner corona and prominences were taken with the 65-foot photo- 
heliograph, and some results of value will be obtained frcun a discussion 
of the spectrographs. 

Discussion; This paper was discussed by Mr. C. G. Abbot. 

Hbrb^t H. Kimbau, and S. P. Fsrgusok presented the second 
pa]^ on Meteorological phenomena of ike solar eclipse of June 8, 1918. 
Tl^ was illustrated by lantern slides. 

The paper was a summary of meteorolo^cal observations obtained 
at about 55 Weather Bureau stations withm the zone of 90 per cent 
obscuration of the sun, and of measurements of both incoming and 
outgoing radiation obtained at Goldendale, Washington, by means 
of a Smithsonian pyranometer and an At^;strom p3rrgeometer. 

At Goldendale the sky was partly overcast on the day of the eclipse, 
but dear about the sun during the totality. Between first contact and 
about 10 minutes after totahty, approximately one-third the usual 
amount of radiation was received, and the temperature fell 3.6° C. 
During totality the outgoing radiation averaged about o.r62 calorie 
per min. per cm.^ which is less than observations on dear nights would 
lead us to expect, probably because of radiation recdved from the 
doud layer. 



21 


proceedings: phidosophicad society 

Pr eliminar y analysis of the meteorolc^cal records indicates that, in 
general, the fall of temperature was comparatively small, the changes 
of pressure small and irregular, and the d^ges of direction of the wind 
apparently rather large, but irregular. The small change of tempera- 
ture may be due, partly, to doudy weather prevailing dong the path 
of totality, and the irr^ular fluctuations of pressure and wind to condi- 
tions favming the devdopment of local storms. 

Confinning results found in studies of other edipses, the greatest 
changes of conditions, in most cases, occurred between flve and twenty 
minutes after the passage of the shadow; also, there are evidences of 
inblowing and outblowing winds around the area of totality suggesting 
the circulation found during the edipses of 1900, 1901, and 1905. 

Discussion: This paper was discussed by Messrs. Batter, Abbot, 
and Htimpbreys. 

C. G. Abbot presented the third paper on Obseroations of Ike SmiUi- 
sonian eclipse party, June 8 , igi 8 . This paper was illustrated by 
lantern dides. 

Mr. T. B. Aldrich assisted by A. Kramer and by Rev. Clarence 
Woodman, a volunteer, observed the total solar e^pse near Laldn, 
Kansas, June 8, 1918. Besides noting general phenomena, Rev. Wood- 
man observed times of contact as follows on Greenwidi mean time: 
Latitude 37° 53' 04" N. 

Longitude loi® 17' 51" W. 
ist Contact lo** 19“ 48.5® 

2d Contact II** 27“ 15.1® 

3d Contact II** 28“ 37.3 
4th Contact 12** 29*“ 45.4* 

He also exposed two 3-inch ii-foot focus cameras which had been 
set up and adjusted in tye four days preceding the edipse. 

Messrs. AliMch and Kramer observed wity the p3Tranometer the 
radiation of the sun and sky separately and in combination &om about 
I P.M. of June 8, through &e eclipse until sunset and continued after 
sunset, observing the intensity of twilight on a horizontal surface. 
During totality and in the night they observed the nocturnal radiation. 

The week of preparation was unfortunately so cloudy that no focus 
plates could be tkken, and no rating of the camera driving dock on the 
sun could be made. Indeedas late as noon JuneS, it seemed thatthe 
dty would sturdy be overcast during the edipse. However, the after- 
noon proved nearly doudless apart &om streaks of cirrus and occasional 
cumulous douds. 

The observers regarded the degree of darkness during totality as 
unexpectedly great, and the spectade as unusually grand. Succ^sful 
photographs of about 70 seconds’ exposure were obtained, but they 
were somewhat marred by imperfect rating of the dock due to the 
bad weather. 

Discussion: This paper was discussed by Mr. Kimball. 
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L. A. Bauer presented the fourth paper, by Bauer and Fisk, on 
Results of magnetic observations during the solar eclipse of June 8 ^ iqi8. 
This paper was illustrated by lantern dides. 

The solar eclipse of June 8, 1918, offered an exceptional opportunity 
for magnetic and allied observations, since somewhat over one-third 
of the belt of totality was situated in the United States. An inter- 
esting circumstance was also the fact that this eclipse was the repeti- 
tion of the one of May 28, 1900, in connection with which S3rstematic 
observations according to the first author’s directions for the study of a 
possible magnetic effect during a total solar eclipse, were made. In 
response to the appeal sent out by the Department of Terrestrial 
Magnetism of the Carnegie Institution of Washington, magnetic data 
are available at present from seven stations within the belt of totality, 
sixteen stations outside of the belt but within the zone of visibility 
of the eclipse, and three stations outside of the zone; the stations 
covered the region of the earth from China, Australia, and the Philip- 
pines to Porto Rico. With a view to varying the conditions, the 
station selected by L. A Bauer for his work was at Corona, Colorado, 
the elevation of which is 11,500 feet; the changes in magnetic declina- 
tion observed during the eclipse at this mountain station proved to be 
of special interest. 

The various curves showing the results of the magnetic observations 
at the different stations, as projected on the screen, showed a number of 
extremely interesting features. It was pointed out that, in general, 
the most notable effects revealed by the magnetic cur\’’es did not occur 
according to absolute time nor according to local mean time, but fol- 
lowed closely the times at which the edipse occurred at the different 
stations. TTie stations in the United States also revealed magnetic 
effects before the time of the local eclipse, resulting evidently from the 
easterly progression of the effects which had arisen in the portion of the 
earth over which the eclipse had already occurred. Not only were 
the conclusions reached with reference to the eclipse of May 28, 1900, 
and subsequent echpses, verified by the effects observed during tihe 
eclipse of June 8, 1918, but a number of additional facts have been 
disdosed which will assist materially in the final analysis of this in- 
teresting phenomenon. It was again shown that the magnetic fluctua- 
tions observed during the eclipse are analogous in their nature to the 
solar diurnal variation, differing from it chiefly in degree. 

Discussion. This paper was discussed by Mr. Abbot. 

Harvey L. Curtis, Recording Secretary. 


THE ENTOMOUCXJICAL SOCIETY OF WASHINGTON 

The 317th regular meeting of the Sodety was hdd in the hall of the 
Perpetual Building Association’s Building, iioi E St., N. W., Decem- 
ber 4, 1918. Twenty members were present. President Sasscer 
presided. 
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J. R. Horton, of the Bureau of Entomology, and Charles W. Eeng, 
33 Murray St., New York City, were elected to membership. 

The president announced that he had appointed A. N. Caudbll, 
L. 0. Howard, and August Busck a committee to prepare for publica- 
tion a biographical sketch and bibliography of Mr. Frederick Knab. 

A vote of thanks was extended by the Society to the editor, Mr. 
Baker, and the corresponding secretary, Mr. Rohwer, for their 
excellent work in successfully resuming publication of the Proceed- 
ing in spite of formidable difficulties. 

The following were elected officers of the Society for the ensuii^ 
year: President, E. R. Sasscbr; ist Vice-President, W. R. Walton; 
2nd Vice-Presidmt, A. B. Gahan; Recording Secretary, R. A. Cushman; 
Corresponding Secretary-Treasurer, S. A. Rohwer; editor of the Pro- 
ceedings, A. C. Baker; additional members of the Executive Committee, 
A. N. Caudell, E. R. Ely, and A. h. Quaintance; nominated to 
rq»resent the Society as Vice-president of ^e Washington Academy of 
Sciences, S. A. Rohwer. 

The regular program comprised the following: 

Snodgrass, R. E. : Notes and exhibition of mter-color d/rcmings of fruit 
insects. Mr. Snodgrass, who is engaged in illustrating in water-color 
for the Bureau of Entomology the life histories and diaracter of in- 
jury of the principal insect pests of deciduous fruits, exhibited a collec- 
tion of remarkably fine illustrations, the results of his work to date. 
In connection with the exhibition of drawings Mr. Snodgrass pointed 
out some of the interesting points in the life histories of his subjects. 
The drawings and accompanying remarks proved exceedingly interest- 
ing and the artist was highly complimented upon his extent work 
by Messrs. Cushman, Rohwer, Gahan, and Snyder. 

A. B. Gahan, Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

A Guide to United States Government Publications has been compiled 
by W. I. Swantott and has jnst been issued as Bulletin No. 2, 1918, 
of the Bureau of Education.^ The bulletin gives not only information 
concerning the mailing lists, methods of distribution, lists of publica- 
tions, and classes of publications issued by every ofl&ce of the executive 
departments, but also a concise outline of the organization and functions 
of every office. The bulletin should prove useful to all who have 
occation to use the publications of the Federal bureaus. 

Dr. Chasi,BS GrbbIvBY Abbot, Director of the Astrophysical Ob- 
servatory, has been appointed Assistant Secretary of the Smithsonian 
Institution. 

Mr. J. C. Hostbttsr, of the Geophysical Laboratory, Carnegie 
Institution, has returned to Washington after a year’s absence in charge 
of optical glass manufacture at the Charleroi plant of the Pittsburgh 
Plate Glass Company. 

Mr. Logan WallBR Pagb, director of the Btueau of PubUc Roads 
of the XJ. S. Dq)artment of Agriculture, died in Chicago on December 
9, 1918, in his forty-ninth year. Mr. Page was bom at Richmond, 
Virginia, January 10, 1870. He was geologist to the Massachusetts 
State Highway Commission and director of the testing laboratoiy of 
the Lawrence Scientific School of Harvard University from 1893 to 
1900, when he entered the government service. He became director 
of the Office of Public Roads (later the Office of Public Roads and 
Rural Engineering) in 1905. Practically aU of his work was devoted 
to the building and maintenance of public roads. He was a member of 
the Washington Society of Engineers, president of the American 
Highway Association, and actively connected with a number of other 
engineering societies. 

Dr. J. N. Rose, of the National Museum, and his son, George Rose, 
who have been conducting botanical explorations in Ecuador during 
the past summer, returned to Washington early in December. Collec- 
tions of nearly two thousand numbers were obtained. 

Dr. A. Hoyt Taywr, professor of physics at the Universily of North 
Dakota, now lieutenant commander in the Navy, has reagned after a 
year’s leave of absence, and will continue his work at the Bureau of 
Standards on naval radio communication. 

> Obtainable from tbe Superistendent of Documents, price 20 cents. 
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ilATHEMATICS . — Note on rotations in hyperspace. Edwin 
Bidweli, Wilson, Massachusetts Institute of Technologj”. 

In a recent paper C. L. E. Moore’ has discussed rotations in 
h3Tperspace, by treating first the resolution of a complex 2- vector 
M into mutually completely perpendicular simple 2-vectors or 
planes. The problem is of sufficient interest, perhaps, to justify 
my sketching very briefly the method by which I attacked the 
problem of discussing rotations in hyperspace in a paper read 
before the American Mathematical Society- over ten years 
ago, but never published. My method was founded on the 
general reduction of the homogeneous strain to canonical form, 
and in particular on the work subsequently printed in this Jour- 
nal.® It is there shown that a real strain about a fixed point 
has four types of transformation as possibilities. 

1. The tonic. That is a stretching along a fixed direction. 
This corresponds to a real root of the characteristic equation, 
and to each real root there is at least one such direction in space.'* 

2. The shear. This arises only when two or more real roots 
of the characteristic equation are equal, and consists in the 

' Moors, C. L. E. Rotations in hyperspace. Pnjc. Amer. Acad. 53; 651-694. 
1918. 

* See, Bull. Amer. Math. Soc. 13: 265. 1907. 

' Whaon, Edwin B. Note on multiple algebra; the rednctien cf real dyadics and 
the dassificaHon of real homogeneous strains. Joum. Wash. Acad. Sd. 7: 173-177. 

1917. 

'* The multiplier may be negative,*. the stretching may be accompanied by a 
reversal of direction; nevertheless for analytical reasons, 'we may spealc of a fixed 
“direction.” 
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simplest case of the supeirpositiou upon the stretching of a sliding 
parallel to the fixed direction, and proportional to the distance 
from the fixed direction, as is necessary if lines originally passing 
through the origin are to remain lines passing through the origin. 
The shear may be of various degrees of complexity; for example, 
if there are three equal real roots there is a plane through the 
fixed direction which is fiixed, and in it the shear is simple; whereas 
the displacement of poiats not in this fixed plane is partly in 
the fixed direction and partly m another direction paralld to 
the fixed plane. (It is not necessary that there be shearing when 
there are multiple roots. It is clear that two different direc- 
tions in space may be fixed with the equal ratios of stretching 
for those directions, and with the same ratio for all directions in 
their plane.) 

3. Cyclotonic. This is a combination of stretching with ellip- 
tic rotation in a plane. It arises when there is a pair of conjugate 
imaginary roots in the characteristic equation. All lines are 
stretched in a definite ratio, and are turned through a definite 
“angle,” provided angle be measured by the sectorial area in an 
ellipse concentric with the fixed point instead of by the sectorial 
area in a circle. 

4. The cyclotonic-shear. In the simplest case, where the 
characteristic equation has a pair of conjugate imaginary roots, 
each occurring tvrice, the transformation consists in a cydotonic 
change in each of two nonintersectiiig planes through the origin 
combined with a diq)lacement parallel to one of the pairs. For 
conjugate imaginary roots of greater multiplidty various com- 
plexities of cydotonic-shear are possible (It is not necessary, 
however, that shear accompany multiple roots in this case any 
more than in case the roots are real.) 

A rotation is a transformation in which length and an angle 
remain unchanged. As length remains unchanged it follows that 
all the real roots of the characteristic equation must be dther 
+ 1 or — I ; for otherwise there would be at least one direction 
in which stretching took place. Moreover, the magnitudes of 
the imaginary roots must also be equal to -l-i, the roots 
must be complex quantities or there would be at least one plane 
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in which stretching took place. Next, if a real root is double, 
there can be no shear corresponding to that double root, because 
in the diear all lines through the origin in a fixed plane through 
the fixed direction must change their direction, with the sole 
exception of the fixed direction itself, and an angle cannot remain 
always unchanged in the case of a shear. In like manner, it 
may be seen that when an imaginary root is multiple, the Clear- 
ing terms must be absent if the strain reduces to a rotation. 

If there are a certain number of real roots equal to -f-i, a space 
of the same number of dimensions is left absolutely unchanged* 
If there are a certain number of roots — i, these may be paired 
to represent a rotation of 180° in a certain number of planes, 
which wiU take care of all if the number of roots — i is even. 
If the number is odd, there will be one direction left over, along 
which directions are reversed. This case corresponds not to a 
rotation, but to a reflection, and, consequently, the number of 
roots— i must be even. The transformation of rotation, there- 
fore, reduces to the identical transformation in a space of a cer- 
tain number of dimensions, and to rotations through angles 
of 180° or otherwise in a number of independent planes sufl&dent 
to make up the total multiplicity of the hyperspace. 

The fact that there are no shearing terms in the dyadic or in 
the matrix, $, means algebraically that the equation of lowest 
degree satisfied by the dyadic has only as many factors as there 
are different roots in the characteristic equation, each factor 
raised to the first power, namely: 

(# — I)(® -f — e“^I) = o 

or 

— 1 )($* — 2C0S6# -f I) =0 

It is necessary to point out that the different independent 
spaces which corre^ond to the different roots of the equation 
are perpendicular. Consider, for instance, any direction in a 
space corre^onding to -f-i, and any direction in that corre- 
sponding to — I. The transformation leaves the first direction 
rmchanged, and reverses the second, so that each ang^e is changed 
into its supplement; and if angles are to remain unchanged, the 
directions must be perpendicular. In hke manner, there may 
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be considered a direction in the space corresponding to +i, 
and a direction in one of the planes in which rotation occurs. If 
the plane is not perpendictdar to the direction, there is one line 
in the plane which is, and only one. The rotation will turn this 
line into another direction in that plane, and, consequently, will 
change a right angle into some other angle; hence, the plane 
must be perpendicular to the direction. 

In a similar way, consider two planes in which there is rota- 
tion. Unless the planes are perpendicular, there is just one line 
in one of the planes which is perpendicular to the other plane. 
The operation of the rotation in the two planes will throw this 
line into some other, and again angles will be changed, which is 
impossible in a rotation; and the planes must, therefore, be per- 
pendicular It therefore follows that the fixed space and space 
in which directions are reversed and the various planes in which 
there are rotations are all mutually perpendicular in the sense 
of complete perpendicularity.® 

This brings the discussion to an end by the determination of 
the fundamental existence-theorem for rotations in generalized 
space. It is the theorem which Moore establishes prior to subse- 
quent work. The method of treating rotations in ordinary space • 
which was given by Gibbs in his lectures, and may be found in 
the Vector Analysis,^ is dependent upon the knowledge that 
in three dimensions a rotation has a fixed axis. Much of the 
subsequent work, however, could, I believe, be carried over to 
higher dimensions in much the same way as the simpler case was 
treated by Gibbs. 

CHEMISTRY. — Note on the Bucher cyanide process jor the 
fixation of nitrogen. Eugen Posnjak and H. E. Merwin, 
Geophysical Eaboratory, Carnegie Institution of Washington. 

In the course of an investigation of the Bucher cyanide 
process^ undertaken by this Laboratory at the request of the 

‘ The treatment may, of course, be carried through analytically by taldng a 
general vector p and its transform 4 >p calculated from the canonical form, and by 
expressing the conditions on the coefBdents of S which require constancy of length 
and invariance of angle. 

* WnsoN, Edwin B. Vector Analysis (Gibbs). New York, Charles Scribner's 
Sons, 1901 See pp. 334-347. 

' Joum. Ind Eng Chem. 9: 233 1917. 
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Nitrate Division of the Ordnance Department of the Army, it 
was found by means of microscopical examinations that the 
nitrogen-bearing constituent of some of the crude technical 
products manufactured by this process consisted principally 
of some other substance than ordinary sodium cyanide. 

Ordinary sodium cyanide was found to be an essentially iso- 
tropic substance, crystallizing in cubes, and having a refractive 
index of 1.452 =*= 0.003. After this cyanide had been fused, 
slight double refraction amounting to about 0.005 ’^ 3 ® observed. 

The material found in the technical products above mentioned 
appeared in weaMy doubly refracting colorless grains about 
0.03 mm. in diameter. The refractive indices are a = 1.527, 
d = 1.532, y = 1.537. "The optic axial angle observed was 
so near 90° that the optical character could not be determined. 

Evidently only chemical tests were made by Bucher. It was 
therefore necessary to repeat his experiments to establish whether 
sodium cyanide or this other substance was formed by his reac- 
tion. The Bucher process, as known, consists in heating a mix- 
ture of sodium carbonate, charcoal, and iron powder (catalyst) 
in a stream of nitrogen at a temperattire above 900°. The re- 
action is written as follows: 

NaaCOs -j- 4C + Na aNaCN + 3CO 

In our experiments, mixtures containing varying amounts of 
sodium carbonate, carbon, and iron were prepared. Each was 
placed in an iron boat within an electric furnace which contained 
a reaction chamber consisting of a copper tube closely fitting 
within one of silica glass. A stream of nitrogen was passed 
through the tube while a certain temperature between 900° 
and 1000° was maintained for several hours. The reaction 
product was rapidly cooled by lifting the tube out of the fur- 
nace without interrupting the flow of nitrogen and was then 
examined microscopically. In all experiments sodium cyanide, 
together with some of the ingredients of the original mixture, 
proved to be present, which confirms the reaction given by 
Bucher. 

As it did not seem feasible to investigate the conditions of 
formation of the substance in question at the factory, attempts 
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were made to recover it in sufficient purity from the crude product 
with the view of preparing a sample for analysis. 

Recovery by distillation was first tried in the following way; 
The crude product was put in a copper tube which was closed at 
one end and which fitted inside a similar tube of silica glass. 
These tubes were placed in an electric furnace and heated about 
three hours at 800° while the other end of the tube was connected 
with a vacuum pump and cooled. When taken apart no change 
could be observed. 

The same experiment was repeated at approximately 975°. 
It was now necessary to run the pump constantly as an evolu- 
tion of gas was taking place. On taking the apparatus apart 
metallic sodium was found in the cold portion of the tube. In- 
asmuch as the crude product usually contains sodium carbonate, 
the following reaction probably took place: 

Na^CO, + aC = aNa + 3CO 

Microscopical examination of the crude product in the tube 
showed that the substance in question still remained. Thus 
distillation appears not to be a suitable method for its separa- 
tion. 

According to Bucher,* soditun cyanide can be easily distilled 
out of his briquets at a temperature even below 800°. These 
experiments therefore substantiate the microscopical evidence 
that the samples of the crude product examined do not contain 
any appreciable amoimt of sodium cyanide. 

The investigation of the chemical nature of the substance in 
question is being continued. 

PHYSICAL CHEMISTRY . — Some physical constants of mustard 
“gas.” Lbason H. Adams and Erskinb D. Widlxamson, 
Geophyacal Laboratory, Carnegie Institution of Washington. 

Some time ago it was desired, for military purposes, to know 
the compressibility of so-called mustard gas. Accordingly, the 
necessary measurements were carried out at this laboratory, 

* !Loc. at,, p. 246. 
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and at the same time certain other properties of tliis substance 
were determined from its bdxavior imder hydrostatic pressure. 

The compound 2,2-dichloroethylsulfide* — (C2H4C1)2S — is known 
as mustard gas or mustard oil, and is, when pure, a colorless, 
oily liquid which boils about 217°. The compressibility was 
measured by the same method and using the same apparatus 
as that already described.® The procedure, in brief, is as fol- 
lows: The material to be compressed is surrounded by kero- 
sene in the interior of a thick-walled steel cylinder, one end of 
which is closed while the other end is fitted with a piston and 
leak-proof packing. By means of a hydraulic press the piston 
is forced into the cylinder, thus subjecting the kerosene and the 
given material to hydrostatic pressure and thereby decreasing 
the volume of each. The decrease in volume of the substance 
for each increment of pressure is determined from a pair of read- 
ings of pressmre and corresponding piston displacement. Pres- 
sures were measured by an electrical method, the precision be- 
ing such that one scale division was equal to about one megabar;* 
the di^lacement of the piston was read on a dial micrometer 
which was graduated to o.oi mm. Temperature regulation 
was obtained by an electric heating coil of asbestos-covered 
“nichrome” wire wrapped around the heavy sted cylinder and 
covered with an insulating layer of fdt. About 10 g. of the 
material was contained in a sted capsule dosed at the top and 
terminating below in a capUlary which dipped into a cup con- 
taining mercury. Pressure cotdd thus be transmitted through 
the mercury seal to the interior of the capsule. 

Table i shows the results for the decrease in volume (at 31.5°) 
of the liquid under pressure. The second and third columns 
of the table give for two separate runs the values of — A®/»o 
where Av is redconed from the initial pressure, Po == 392 mega- 
bars, and Vo is the volume* of the liquid at 31.5° andatmos- 

1 Also called thiodiglycolchloride. Goof. VoL 1 , p. 358. Ber. Deotsch. 

Cbem. Ges. 19: 3260. 1886. 

3 Joum. Amer. Chem. Soc. 41: January, 1929. 

• I megabar *=» 10^ dynes/cm*. » 1.020 « 0.987 atm, 

^ This was calculated from the known den^ty which at 20% 25 ^ 30% and 35 ^ 
respectivdy, is 1.274, 1.269, x.264, and 1.258. 
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pheric pressure. The values of Aa as a function of P may be 
rqnresented by a power series yielding the equation 
Ad/co = 4 24 X 10-® (P — Po) - 6 3 X io“® (P — PoY 
however, the results are expressed equally well by the exponential 
equation 

-AbAo = O (i) 

which gives a more reasonable course to the compressibility 
curve and hence is to be preferred for extrapolating to zero 
pressure In the third column of table i are shown the values 
of — As/no calculated from equation (1) 

By differentiation this equation becomes 

-do/dP = 49 5 P (2) 

from which we find the compressibility (— dti/dP) atP = oto 
be 49 5 X 10 per megabar, while at 1000 and 2000 megabars, 
respectively, the compressibility is 34 4 X 10 and 23 9 X 
10-' 


tabi;e I 

Dbcrrass in VoLTniB op Mustakd "Gas” tnroaR PRSSstntB 


PRB 8 SX 7 KS 

MBOABARS 

— A»/»o (OBS) 

— ^Ar/r© (cAi,c) 

(I) 

(2) 

392 

0 0000 

0 0000 

0 0000 

840 

0 0175 

0 0179 

0 0177 

1280 

0 0327 

0 0331 

0 0326 

1713 

0 0447 

0 0450 

0 0450 


After the conclusion of the measurements of compressibility 
the freezing pressure and resultant change of volume at a few 
temperatures were determined. This could be done without 
removing the material from the apparatus. By referring to 
figure I it may be seen how the desired quantities may be ob- 
tained from a series of readings, at constant temperature, of 
pressure P, and piston-displacement R. When freezing or 
melting of the substance in the capsule takes place, P remains 
constant while R increases or decreases and the resulting discon- 
tinuity at once locates the freezing pressure for the given tem- 
perature.® Moreover, the change in volume on melting may be 
^ Conf, Bridgsian, Proc Amer, Acad 47: 415. 1911. 
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obtained by multiplying the cross-section of the piston by the 
quantity i?j — J?i which is obtained graphically (see Fig. i). 

The necessary readings must be taken with decreasittg pressure 
since, on account of the propensity of liquids for under-cooling 
to a temperature several degrees below their melting point, 
they will generally support a pressure far beyond the true freezing 
pressure before solichfication takes place.® Dichloroethylsulfide 
requires at ordinary temperatures about looo megabars super- 
pressure to start it freezing. This corresponds to an under- 
cooling of 14°. 



PRESSURE 

Fig. 1. Diagram to illustrate how the freezing pressure and consequent change 
of volume may be obtained by plotting pressure agmnst piston-displacement. 
When the pressure on the liquid is raised, freezing does not take plac» promptly 
and the liquid thus passes into the undercooled or metastable region, as shown by 
the dotted line. 

The results for the freezing-points at several pressures are 
shown in figure 2 and in table 2, which also gives the change of 
volume F — V* in cm®, per gram. From these results it may 

* A corresponding superheating of the solid has been observed only in rare in- 
stances. 



34 ADAMS AND WIDUAMSON : PHYSICAL CONSTANTS OP MUSTARD GAS 


be seen that thecompressibiKty measurements of table i were 
extended by about 500 megabars into the region of undercooled 
liquid. At ordinary pressures the melting point of the sample 
used is 13 9°, but although it was a carefully purified and color- 
less preparation, a sHght variation in pressure during melting 
was observed. This indicates a small amoimt of impurity re- 
maining in the material and doubtless the melting point of pure 
dichloroethylsulfide at P = i is a few tenths of a degree higher 
than the figure here given. 



In order to test for the possible existence of other solid modi- 
fications of this substance, the pressure on it was increased to 
12,000 megabars at 38°; but no new forms were discovered. 

]^om the data contained in table 2 we may calculate by the 
Clausius-Clape3rron equation the latent heat of melting. Thus 
AH = o. 02391 r(F,— F,)dP/dr, 
where AH is the latent heat in calories per gram, T is the absolute 
temperature, Vi — V, is the change of volume on melting in 
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cm®./g., anddPMr is the slope of the P — T curve expressed 
in megabars per degree; practically it is the pressure in megabars 
required to raise the melting point one degree. Over the range 
of temperature covered by our measurements we find 

A jET = 25 cal. per gram. 

This is a value which is higher than the latent heat of melting 


TABLE 2 

Rbstots por Frbbzdtg PaBssiaBs, and Changs op Vot,iiM8 otf Erbbziitq 


TBtfP. 

“C. 

VKBTtattQ PKSS- 
8nR9 

mboabars 

Vi - V , 

cmK / q , 

dP/dT 

iocqabars/dbo. 

dE 

CALC. 

13.9 

I 

( 0 . 054 )“ 

68 

— 

21 .9 

570 

0.050 

71 

25 

29.6 

IIIO 

. . . 

— 

— 

31 .4 

1210 

0.047 

74 

25 

38-9 

1800 

0.042 

77 

25 


“ By extrapcdation. 


of most substances. On the other hand the compressibility and 
change of volume upon freezing do not differ markedly from the 
average for organic liquids. 


BOTANY . — A peculiar species of Lasiacis. A. S. Hitchcock, 
Bureau of Plant Industry. 

In 1759 Linnaeus described Panicum divaricatum^ from 
Jamaica, distinguishing the species as divaricately much- 
branched. This is the first species to be described of a group 
having perennial branched, woody clambering or trailing stems, 
broad, flat blades, and panides of smooth, roundish spikdets, set 
obliqudy on the pedicels, the indurate fruit with a woolly tip. 
The aq>ect of the plants is that of a dirubby climbing bamboo. 
Several allied spedes have been described and referred to the 
genus Panicum. In 1864 Grisebach’ recognized the group as a 

' Nat. ed. 10. s: 871. 1759. 

* EL Brit. W. Ind. S5i- 1864. 
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section of Panicum and gave to it the name I^asiads, meaning 
woolly tip. The aspect of the ^edes is so distinct and the 
technical spikelet characters so pronounced that the present 
writer elevated this section to the rank of a genus in 1910.® 
Lasiads indudes 13 spedes ranging from Mexico and the West 
Indies to Paraguay, one spedes entering the United States in 
semitropical Florida. 

Lasiacis ruscifoUa (H. B. K.) Hitchc. & Chase {Panicum com- 
pactum Swartz), is more variable and has a wider range than 
the other spedes. In an account of the genus as represented 
in the West Indies* occurs the following note: 

“In all the Trinidad specimens the spikelets contain a second 
sterile lemma, a character not found in any other spedes known 
to us. Thi s second sterile lemma equals the first, contains a 
hyaline palea, and infolds the fruit rather more dosely than the 
sterile lemma commonly does in other spedes. The fruit borne 
one joint higher on the rachilla consequently faces in the direc- 
tion opposite to the one in Paniceae, that is, the palea side of 
the fruit faces the second instead of the first glume.” 

A reconsideration of the group leads me to the condusion 
that we have here a distinct spedes, for not only is there this 
unusual character of a second sterile lemma but also a distinct 
geographical range. Of the group to which it had been referred, 
all the specimens from Trinidad, the lower Orinoco, and eastern 
Brazil have a second sterile lemma, while outside of this range, 
that is, north and west, there is but one sterile lemma in all 
the specimens examined. In other respects, such as shape of 
blades and panicle, pubescence, shape and size of spikdets, the 
new spedes does not differ from L. ruscifoUa from which it has 
been separated. The specimens of the new spedes, Lasiacis 
anomala, agree dosdy among themsdves in aU these characters, 
but also agree with many specimens referred to the more variable 
spedes L. ruscifoUa. 

The peculiarity of the case tmder consideration consists in 
the nature of the single diagnostic technical character, the second 

» Omtr. U. S. Nat. Herb. 15: 16. 1910. 

* HrrcECOCE ahu Chase. Grasses of the West Indies. Coatr. U. S. Nat. Herb. 
18: 339. 1917. 
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sterile lemma. To those unfamiliar with the morphology 
of the grass spikelet it may be explained that the spikelets of 
the tribe Paniceae are characterized by two membranaceous 
bracts (glumes) at the base or outside, a third bract (sterile 
lemma) like the glumes in texture, and often enclosing a staminate 
flower but producing no seld, and finally a fertile lemma, which 
is indurate or at least thicker than the glumes, and which in- 
closes a seed. The presence of a second sterile lemma is contrary 
to our concept of the whole tribe and if foimd here and there 
among our specimens would be looked upon as a teratological 
development. A priori one would be inclined to assign generic 
rank to a species or group of species possessing this character. 
In the case before us, however, the specimens possessing this 
character are indistinguishable in other respects from L. rusci- 
folia. Even specific rank is granted only because of the distinct 
range and the uniformity of the specimens. A technical diag- 
nosis follows: 


Lasiacis anomala Hitchc. n. sp. 

Stems woody, branching, clambering over bushes, glabrous, the 
main culm as much as 5.5 mm. thick, and 5 meters long; sheaths 
glabrous or more or less pilose, striate, ciliate on the margin, densely 
villous on the collar; Kgule a short ciliate membrane; blades ovate- 
lanceolate or elliptic lanceolate, as much as 10 cm. long and 3 cm. 
wide on the main flowering culms, usually 4-6 cm. long and 1-2 cm. 
wide on the lateral flowering branches, rather thin, narrowed and 
usually asymmetric at base, sometimes a little cordate-clasping, 
puberulent, or sometimes glabrate on the upper surface; panicles 
oblong-ovoid, 7-10 cm. long, 3-5 cm. wide, those on the lateral branches 
smaller, the lower branches somewhat distant, spreading or somewhat 
reflexed, all rather compactly flowered, puberulent, the pedicels angled, 
rather stout, 1-2 mm. long; spikelets ovoid, becoming nearly globose 
at maturity, 3-4 mm. long; first glume about one-third, second glume 
about two-thirds, as long as the q)ikelet; first and second sterile 
lemma about equal and about as long as the fertile lemma, the glumes 
and lemmas slightly woolly at the tip, the second sterile lemma in- 
folding the fruit more closely than usual for the first lemma in other 
^des; fruit ovoid-globose, obtuse, because of the presence of a second 
sterile lemma the palea side facing the second glume. 

Type in the U. S. National Herbarium, no. 865557, collected along 
the edge of jungle, Fort George Road, Port of Spain, Trinidad, Novem- 
ber 27, 1912, by A. S. Hitchcock (Amer, Gr. Nat. Herb. no. 595). 
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Distribution: Trinidad to eastern Brazil. 

SPBcmsNS Examined. 

Trinidad; Broadway 2504, 2564, 2627; Bot. Gard. Herb. 2303; 
Hitchcock loooi, 10063, 10117, 10136. 

Venezuela: Santa Catalina, Sgwtm 358; Idand of Mar- 

garita, Miller & Johnston 184. 

Brazu,: Rio Branco, Kuhimann 3358; Ceara, Gardner, 1889, 1894. 

TECHNOI/OGY . — The determinateness of the hysteresis of indi- 
cating instruments. P. J. Schunk, Bureau of Standards. 

STATEMENT OP THE PROBLEM 

The purpose of the present paper is to set down briefly the 
results of one of several concordant preliminary experiments 
carried out to determine to what extent hysteresis or variance 
determinations with respect to nonintegrating mechanical mea- 
suring instruments are themselves sufficiently definite and re- 
producible to warrant wide application in instrument testing, 
calibration, and utilization. The conclusion is readied that 
no extraordinary experimental care is required to arrive at 
hystereris determinations of very definite utility, and that, 
under stated conditions, such determinations are of a highly 
reproducible character. These results are forecast in a paper 
just completed by the author, to which the reader may refer 
for a general discussion of hysteretic cydes in the operation of 
measuring instruments and of the fundamental relation which 
such cydes bear to testing and calibration.^ 

APPARATUS AND METHOD 

In order to minimize the experimental difficulties and to per- 
mit of useful generalization of the results of the investigation, 
the instrument chosen as the basis for this work was a spring- 
controlled self-indicating weighing scale of the stabilized-plat- 
form pointer-and-dial type, a sort commonly used for the wdgh- 
ing of postal and express parcels, aijd to a very limited extent 
of v^etables and other low-priced commodities of trade. 
The dioice of this particular t37pe of instrument, diown dia- 

^ The concept of resiUence with respect to ind^Oing instruments. To be publi^ed 
in the Joum. FrankHn Inst., February, 19x9. 
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grammatically in figure i, was influenced by the following major 
considerations: 

I. It comprises many elements typical of measuring instru- 
ments generally, including: (a) a helical force-resisting spring; 
(6) a link work of several jointed bars; (c) a rack and piniqn for 
magnifying the motion of the parts and transmitting it to a 
pmnter rotating over a full circle of graduations; (d) a large 



Fig. 1. SdiemaUc iilustratioii of mechanism of stabUized-plalfonn pointer-and- 
dial type of spring scale. It 'vrill be noted that an eccentric disporition of the load 
on the platfocm is associated with a horizontal reaction in tihe dtedc-rod (the lower- 
most link shown), 'the friction of the temunal journal bearings of Uiis rod is 
proportional to this reaction, and hence to the product of the load itsdf and the 
displacement of its center of gravity from the center of the platform. 

mechanical, backlash (0.20 to 0.28 radian — 11° to 16° — at the 
pointer) which is only partially compensated by gravitational 
force-closure. 

2. The independent variable, viz, the load weighed, is essen- 
tially nonhysteretic and, therefore, admittedly reproducible 
with very high precision. 

3. The aggregate fractional resistances of the apparatus 
are inherently large and moreover subject to ready control 
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within a wide range by simply varying the point of application 
of the load upon the platform in a direction parallel to the plan 
of the platform-supporting linkwork.® 

4. As a consequence of the large frictional resistances, the 
variance of the indications of such a scale is so great as to be 
very easily observed and has, in common with that of many 
other crude and ill-constructed instruments, hitherto been 
deemed quite incapable of systematization or regularization. 
(Such scales are in fact so “unrdhable” in their indications when 
read in the ordinary way, that their general use in trade is com- 
monly prohibited by regulation.) 

In order to afford accurate control over the position of applica- 
tion of the load, which, as has been stated, is a factor largely 
determining the aggregate amount of hysteresis of scales of this 
type, the standard weights used were suspended from below by 
cords secured at opposite ends of a light horizontal bar super- 
imposed on the platform. Projecting downward from the cen- 
ter of this bar was secured a rubber stud or tip serving to localize 
the load within a small and determinate area on the platform 
while holding the bar itself above the platform and free from 
contact with it. 

Since such scales are not artificially damped, gradual move- 
ment of the platform and pointer to their positions of rest at 
the several loads was provided for in the one direction by gen- 
tle and careful application of the weights manually, and in the 
other by the use of the relativdy slow motion of the rack-and- 
pinion gear of a microscope stand by which a vertical rod was 
gradually withdrawn from contact with the upper surface of 
the platform after the removal of a given weight increment. By 
these means it was possible to assure aperiodic, reasonably 
steady, and shockless motion of the pointer, without overshoot- 
ing of the rest point. The reasons and basis for this method are 
discussed in detail in the first reference cited. Regularization 
of operation of the scale, or the setting up of the cyclic state, 
treated in the same reference, was carried out before beginning 
the experiment by simply operating the scale a number of times 

2 See Btareau of Standards Technologic Paper No. 106. 
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over the actual maximum range of movement involved in the 
weighing of the capacity load.® Limitations of space prohibit 



Fig. 2 . Results of cyclic calibrations of stabilized-platfonn pointer-and-dial 
of spring scale. Dotted lines connect points in a series of observations in wbi^ 
the det^ path of the function was not then determined. Ihe numbers to the 
right of the determinations indicate the number of the check observation^^taken, 
which gave substantially (see text) the same value as the observation recorded. 


detailed consideration of these prerequisites in the present 
necessarily brief discussion. 

« It was important to determine whether cyclic states set up on different occasions 
were actually identical, and to this end, the scale was strongly jarred and disturbed 
between successive runs, so as to insure definite dislocation of the acquired relations 
of journals and bearings, gearing, etc., within the limits, of course, of the clearances 
obtaining. Renewed cydic operation of the scale brought about a regularizatiou 
as perfect as could be desired, a result hardly less than astonishing, when the essential 
crudity of the instrument is considered. The finish and fit of the moving i>art5 of 
this type of scale are of a sort that would be considered intolerable in any ordinary 
engineermg instrument, e, g., a Bourdon gage or a pocket voltmeter. 
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THE PARTICULAR RESULT'S OBTAINED 

Figtire 2 presents the results of the cycKc calibration of a scale 
of the type described having the following general constants: 

Range of graduation: o to 20 poimds, corresponding to rotation 
of the pointer through 2 revolutions = 4.T. 

Number of joints having relative motion, 7 (including duplicates as 
below; actual number of single journals and bearings 10). Turning 
pairs: duplicated, 5; not duplicated, i. Higher pairs toothed gearing, 

I. 

Displacement, for the purpose of the experiment, of the point of 
application of the load from the line of centers of the link or stem sup- 
porting the platform, 7.0 cm. 

Interval of graduation: 1/2 ounce = 1/32 pound = 1/640 or 0.0016 
(approx.) of the nominal capacity. 

Interval of estimation of pointer position for the purposes of the 
experiment: o.i ounce = 1/3200 or 0.0003 (approx.) of the nominal 
capacity. 

After taking the readings reproduced in the figure, the drift of indica- 
tion at full load was examined and found to amount to but 0.5 ounce 
in nine and one-half hours. On removing the load the zero reading 
exhibited a drift of 1.2 ounce to practically its initial value in i hour. 
The amount of the drift occurring during the course of the series of 
hysteresis observations recorded was probably negligible, and certainly 
at no time greater than 0.1 to 0.2 ounce. The existence of drift in 
directly measurable amotmt in this scale is believed to be the result 
of an easily remediable -structural defect, viz, weakness of a certain 
portion of the inelastic sheet metal framework supporting the mechanism. 

The following are the particular results, many of which ap- 
pear directly in the graph: 

I. The hysteresis loop, ^ or any portion of it, except at such a 
critical region as that designated BC in the figure, determined 
under the condition of slow aperiodic change of reading, was 
practically reproducible within a maximum deviation of one- to 
two-tenths of a graduation or at the largest separation of the 
loop where the relative precision is high, within a precision of 
about one or two parts in one hundred. It is to be noted that 
this small amount of dispersion of readings corresponds to a 
mutual displacement of repeated readings of but one-half the 

^ It is to be noted that the hysteresis obtained is for the major part the result of 
frictional resistances and, concomitantly, of bearing clearances. (See Bureau of 
Standards Scientific Paper No. 328.) It is known that only a rdativdy very small 
portion of the hysteresis observed can be the result of elastic hysteresis of the re- 
sisting spring of the scale. 
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width of the lines of the diagram. It is beUeved that a repro- 
duction of the cycles even more precise would have resulted, 
had more delicate means of releasing the load upon the pan, 
and more rigid supports for the apparatus, been at hand. 

During the experiment, the zero point remained surprisingly 
constant except that at the completion of the second run, it 
dropped diarply by three-tenths of a graduation, after which 
being readjusted to its initial value it remained stable excq)t 
for the drift before mentioned, throughout a great number of 
subsequent observations. This displacement of the zero was 
undoubtedly due to an accidental irreversible slip of some 
loosely secured part of the exterior frame of the scale, which 
was notably deficient in rigidity, or of the dial. 

2. At the critical region BC and other regions of beginning 
backward movement of the mechanism, the existence of a marked 
passivity due to imperfectly compensated backlash, increased 
the dispersion of successive observations considerably 

3. The curves corresponding to reversal of the change of load 
before the extreme range of indication under investigation has 
been reached, are rapidly asymptotic severally to the upper 
and lower branches of the major loop, respectively. 

4. The major loop tends to a decidedly skew lenticular form, 
roughly triangular, a result which is the direct consequence of 
the force system obtaining in this type of instrument, in that 
the frictional resistances tend to increase proportionally to the 
load, when the reactions in the stabiKzing check are large. Other 
indicating instruments are more likely to give a loop of nearly 
symmetrically lenticular form. 

GBNBRAL CONCLUSIONS 

The general conclusions edudble in the main from the present 
data, though fully supported collaterally by a considerable 
mass of experimental data necessarily omitted here, and by 
analogy, are the following; 

I. The hysteresis loops obtained in the specified cyclic cali- 
bration of a (nonintegrating) mechanical measuring instrument 
nearly free frcnn transient after-effects at rates of cyperation ob- 
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t ainiti g in the expe riment , are highly reproducible and invariant 
in themselves, euen in the presence of very considerable instrumental 
friction and the resulting so-called unreliability of indication. 

2. If the instrument is used therefore under the conditions 
hereinbefore specified as defining the manner of its calibration, 
the positiveness and certitude of its indications over a very 
large portion of its range of indication are enonnously increased, 
as compared with the results of operation in the ordinary and 
unregularized manner. 

3. The middle portion of the calibration loop while in general 
exhibiting the largest absolute range of variability or variance 
of indication, in the ordinary manner of operation of the instru- 
ment, is the region most useful for obtaining results of the high- 
est relative precision in the cyclic maimer of operation above 
outlined. 

4. Knowing the operational history of the instrument subse- 
quent to regularization,® accurate reduction of a given indica- 
tion can be carried out by this method with complete elimina- 
tion of first-order variance. 

5. The limiting values of the variant (casual or nonrepetitive) 
errors of such an instrument can be accurately set down upon 
the performance of a calibration of the type referred to, for any 
given range of operation in question, since the major loop corre- 
sponding to that range circumscribes and completely encloses 

® In this connection it is dear that one of the factors tending to make the history 
of the instrument movement uncertain can be eliminated by application of critical 
or over-critical damping, since the effect of this expedient is to obviate the more 
or less irregular and indeterminate oscillations of the indicator about its^est point, 
which would normally depend upon the rate and manner of change of the independent 
variable during its application. The utility of such damping is espedaUy marked, 
for instance, in the case of the controlled use in the laboratory, of automatic weigh- 
ing scales which commonly revert to zero between weighings, since in such cases, 
the damping assures approach to the rest point over an accuratdy determinate 
* functional path. In this connection it should be mentioned that critical or over- 
critical damping will be definitdy disadvantageous if regular reversion of the instru- 
ment to its zero cannot be depended upon. Moreover, if the scale in question is 
to be used without correction of its readings, its adjustment to critical or over- 
critical damping implies that the calibration of the dial shall have been performed 
with respect to the curve of increasing readings, while the application of simple 
additive corrections, if they are to be used, is to be carried out with reference to the 
same branch of the hysteresis loop. 
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all minor or secondary loops observed over ranges of indication 
between its own terminal limi ts. 

6. When the result of (4) is impracticable or inconvenient on 
account of the uncontrolled nature of the service to which the 
instrument is subjected, the best average result in the use of an 
instrument will in general be obtained when its scale values 
are adjusted to the mean* of the upper and lower limits of the 
maximum hysteresis loop rather than to the lower branch thereof, 
since when the cyclic history is unknown or indeterminate, in- 
dications within the loop are indefinitely more probable of oc- 
currence than indications on its periphery. 

* The mean is a first approximation to the position of the ‘"normal” calibration 
line, m the absence of specific information regarding the skewness of the chance 
distribution of indications across the loop. 
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Authors of saentific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. 
The abstracts should conform in length and general style to those appearing in 
this issue. 


PHYSICS . — The general character of specific heats at high temperatures. 
Waltbr P. Whitb. Proc. Nat. Acad. Sd. 4 : 343-346. Novem- 
ber, 1918. 

The specific heats of three forms of silica and two silicates (alkali 
Mdspars), determined for temperatures up to 1300®, indicate that the 
atomic heats at constant volume for the substances increase above the 
theoretical value 5.96, as the heats of metals have been known to do, 
and hence that such increase is a very general phenomenon, as has 
been suspected. W. P. W. 

PHYSICS . — Calorimetric lag. Wai,TBrP. Whitb. Joum.Amer.Chem. 
Soc. 40 : 1858-1872. December, 1918. 

The lag effects of bodies external to calorimeters, although more 
complicated in es^ression, are found to follow the same general laws 
as the ampler lag effects already described. More carefully stated 
than previously, these effects prove to be three: (i) equivalent to the 
heat capadly of the calorimeter; this can be eliminated if a calorimeter 
is directly calibrated; (2) much smaller, dq)ending on the amount of 
thermal leakage; this can be avoided, if necessary, by using the adia- 
batic method; (3) dq)endent on the jacket temperature, which disap- 
pears for constant jacket temperature; this one causes the calorimeter 
to have a different effective heat capacity when used adiabatically. 

W. P. W. 

INORGANIC CHEMISTRY . — The ternary system MgP-AWe-SiOa. 
G. A. Rankin and H. E. Mekwin. Amer. Joum. Sci. 45; 301-325. 
April, 1918. 

The temperature-concentration rdations of the various crystalline 
phases in equilibrium with liquid in the ternary system MgO-AlsOr- 
SiOs have been investigated, and are represented by diagrams and a 
modd. A ternary compound, 2Mg0.2A]a0t.5^0t, unstable at its 
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melting point and considerably affected by solid solution has been ob- 
served in two forms. The At-form (unstable) crystallizes from glass 
at temperatures below about 950®, and transforms at somewhat higher 
temperatures into the a-form (stable). The properties of both forms, 
but especially the a-forms, are dose to those of the mineral cordierite. 
The effects of solid solution in flattening two of the boundary curves 
of the fidd of this compound are discussed. The preparation and 
properties of crystalline aggregates of substances which dissociate 
when mdting are considered. Crystals of natural cordierite dissodate 
when mdting. Brief consideration is given to the effects of FeO in 
magnesian rocks and minerals H. B. M. 

INORGANIC CHEMISTRY. — SoliMiiy awifustm^eloMons at htgh 
temperatures and pressures- George W. Morey. Joum Engin. 
Club Phila. 35: 509-519. November, 1918. 

An address, givmg a popular discussion of the prindples underlying 
the solubility rdations of binary systems composed of both volatile 
and nonvolatile components. In addition, some new compounds of 
the alkalies with AlaOs and FejOs are described, as well as a new method 
for determining solubilities under difficult experimental conditions. 

G. W. M. 


PHYSICAL CHEMISTRY, — The laws of chermcal equthbr%um- Ers- 

KiNE D. WmuAMSON and George W. Morey. Joum Amer. 

Chem. Soc. 40 : 49-59. January, 1918. 

In examining the complicated chemical ^sterns which present 
themsdves in the study of geophysical problems it is found that the 
approximate formulas used for dilute solutions break down and prove 
worse than useless even for qualitative application. The monumental 
work which the genius of Willard Gibbs evolved in 1876 remains the 
safest guide and that to which reference must necessarily be made. 
The extreme mathematical setting with which he surrounds his argu- 
ments has militated against the general use of his results by chemists, 
and a consequence of this is that much ink has been spilled in proving 
by roundabout and far from rigid methods, theorems which are either 
explicitly stated by Gibbs or are so readily dedudble from his equa- 
tions as to be implicit in his work. This paper has therefore been 
written as an attempt to popularize, in so far as sudi a term can be 
used in this cormection, the derivation of the fundamental equations 
and to deduce from them such additional formulas as are found neces- 
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sary for the derivation of the theorems bearing on the chemical side of 
equilibrium. The applications of these theorems to actual cases will 
be discussed in later papers. R. B. S. 

PHYSICAL CHEMISTRY. — Pressure-temperature curves in mono- 
variant systems, Georgb W. Morby and Erskinb D. William- 
son. Joum. Amer. Chem. Soc. 40: 59-84. January, 1918. 

Willard Gibbs, in his paper “On the equilibrium of heterogeneous 
substances,” derives expression giving the relation between the varia- 
tions in pressure and temperature in monovariant s5rstems. The authors 
derive from this equation two fundamental theorems concerning the 
relations of the P T curves in such a system, for the case where a linear 
relation exists between the compositions of r or fewer phases in a S3rs- 
tem of r components. These considerations make possible (with no 
other knowledge than the composition of the phases at an invariant 
point) the fixing of the order of succession of the (n + 2) T 
curves which proceed from an invariant pdnt in a system of n com- 
ponents and (when the state of aggregation of the phases is known in 
addition) the fixing of their actual poStion within fairly narrow limits. 
This is illustrated by considering the P — T curves which proceed from 
the five quintuple points in the ternary system H20-K2Si0y-Si02- 
Gibbs’ general equation is not in a form which is convenient to apply. 
A general method is given for casting it into a convenient form for 
practical use and a concrete interpretation of the coefficients involved 
is given. The application of this equation to the actual slope of the 
P — r curves, and especially to the change in slope with change in 
composition of phases of variable composition, is discussed in detail, 
taking as examples typical P — T curves from the ternary system 
H 20 -K^i 08 -Si 02 . R. B. Sosman. 

GEOLOGY. — Some manganese deposits in Madison County^ Montana, 
J. T. Pardeb. U. S. Geol, Survey Bull. 690-F. Pp. 131-143. 
1918, 

The deposits are along the west side of Madison Valley near Cherry 
and Wigwam credcs and in the foothills east of Jefferson Valley, near 
Renova, localities that are, respectively, 70 and 30 miles southeast 
of Butte, Mont. Though the deposits are small, they yidd ore that is 
almost free of dlica and is therdore very desirable for making ferro- 
alloys. They are also of interest because the manganese in them is 



ABSTRACTS. GlSOWGY 


49 


primarily of sedimaitary origin, and accordingly they differ from most 
of the other manganese deposits known in this general region, which 
are related to metalliferous quartz veins. 

On Wigw^ and Cherry creeks irregular lensHke bodies of man- 
ganese oxides, chiefly psilomelane and subordinately manganite and 
wad, are foimd in an ancient marbleized limestone that imderlies the 
Cambrian Flathead quartzite. The general features of these deposits 
clearly show that the ores were deposited in solution cavities and have 
also made room for themselves by replacing the limestone. Their com- 
position and structure suggest that they were deposited by surface 
waters circulating through joints or other openings in the limestone, 
probably during the Tertiary period. Under these conditions the only 
apparent source of the manganese is the limestone itself, which contains 
small proportions of manganese and iron oxides. 

Iron ore and manganiferous iron ore are exposed about 3 miles south- 
west of Renova. The localizaticwn of the deposits at the top of shales 
overlying the Flathead quartzite and their dose assodation with an 
old surface of erosion suggest that they are portions of an iron-bearing 
stratum enriched by weathering when the land was being worn down 
to the level of the old surface and therefore are to be regarded as pri- 
marily of sedimentary origin. If this is the true explanation, 
similar ore bodies are to be expected at the same geologic horizons in 
the neighboring districts. R. W. Stone. 

GEOLOGY. — The structure and straUgraphy of Gramna and Remllagtgedo 
'islands, Alaska. Theodore Chapin. U. S. Geol. Survey Prof. 
Paper 120-D. Pp. 83-100, 1918. 

The discovery of fossils of Jurassic or Cretaceous age has made 
possible some changes in the geologic mapping of Gravina Island. 
This paper is a supplemental report on the region and discusses the dis- 
tribution, character, structure, stratigraphic relations, age, and correla- 
tion of rocks ranging from Devonian to Quaternary. R. W. StonE- 

GEOLOGY. — The Nesson aniichne, Williams County, North Dakota. 
A. J. CoELiER. U. S. Geol. Survey Bull. 691-G. Pp. 21 1-22 1, 
with map and section. 1918. 

The Nesson antidine, discovered by a U. S. Geological Survey party 
in 1917, is a fairly wdl marked arch or dome about 30 miles east of 
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WilKston. It is of interest because the rocks of North Dakota in general 
lie nearly flat, and because an artesian well drilled a few miles west of 
the crest of the anticline 3ddds a small flow of gas. The stratigraphy 
and structure are described, and it is suggest^ that wells be drilled 
nearer the crest of the anticline in search of a larger flow of gas. 

R. W. SToisn®. 

GEOLOGY. — Geology and oil and gas prospects of the Lake Basin field, 
Montana. E. T. Hancock. U. S. Geol. Survey Bull. 691-D. 
Pp. 101-147, with maps, sections, and illustrations. 1918. 

Describes the Cretaceous and Tertiary stratigraphy of an area north- 
west of Billings, discusses the structural folds and numerous faults 
in detail, and recommends that drilling be done in the Big Coulee- 
Hailstone dome in a search for oil and gas. If that dome proves barren, 
the possibility that oil and gas occur in commercial quantities in the 
Lake Basin is bdieved to be very slight. R. W. Stonr. 


MAMMALOGY. — East African mammals in the United States National 
Museum. Part. I. Insectvoora, Chiroptera, and Carnivora. N. 
Hoi^ustbr. Bulletin 99, United States National Museum, 
Pages 1-194; 3 text figures; plates 1-55. August 16, 1918. 

This first volume of a bulletin dealing with the extensive collection 
of East African mammals preserved in the National Museum, to be 
completed in three parts, consists of a general introduction, brief his- 
torical account of the collection, a map with a dictionary of localities 
and annotated lists of specimens of the insectivores, bats, and carni- 
vores. The collections made by the Smithsonian African expedition 
under the direction of Col. Theodore Roosevelt, 1909-10, and by the 
Paul J. Rainey expedition, 1911-12, form the basis of the work, but all 
specimens from Sudan, Eritrea, Abyssinia, Somaliland, Lado Enclave, 
Uganda, British East Africa, German East Africa, and Zanzibar, re- 
ceived by the Museum from any source, are listed. These collections 
contain 1,833 specimens of mammals of the three orders, repres^ting 
155 species. There are 64 types. Generic and specific synonymies; 
type localities and location of type {^edmens; lists of specimens with 
critical notes; tables of external, cranial, and dental measurements; 
and field notes recorded by the collectors are given. The plates illus- 
trate the skulls of all type specimens. N. H. 
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ORNITHOLOGY. — Food habits of the swallows, a family of valuable 
native birds. T. E. L. B^al. U. S. Dept. Agr. BuU. 619 : 1-28; 
pis. 1-2. 1918. 

So far as agriculture is concerned, tLere is no more useful family of 
birds than the swallows. Of the thirteen species of this group occurring 
in the United States, seven are so widely distributed that their food 
habits are of much economic importance. These are Progne subis, 
Petrochelidon lunifrons, Hirundo rusHca erytlirogastris, Iridoprocne 
bicolor, Tachycineta thalsassina, Riparia riparia. and Stelgidopteryx serri- 
pennis. The study of the food of these species shows that they are, 
like the rest of the swallows, practically not at all harmful to man, 
since they injure neither wild nor cultivated fruit or seeds, nor molest 
other birds. With the exception of one species, Iridoprocne btcolor, all 
the United States swallows are almost exclusively insectivorous, yet 
they do not disturb domestic bees or silkworms or devour unusual 
numbers of other beneficial insects. On the other hand, they feed on 
some of agriculture’s worst insect pests, among them the cotton-boll 
weevil, clover weevil, alfalfa weevil, and chinch bug. 

Since swallows feed almost entirely while on the wing, it follows that 
most of the insects they catch are flying species. Hymenoptera, 
Diptera, Hemiptera, and Coleoptera, form about eighty-five per cent 
of the food of the swallows in the United States. Orthoptera, a favorite 
item of food with many birds, and Lepidoptera are not eaten to any 
considerable extent. Among the food elements of each of the United 
States species examined there were found a great number of different 
q)ecies of insects, and lists of sudi discovered during the course of 
stomach examinations are given; that tmder Petrochelidon lunifrons 
amounts to 149. The only North American swallow that subsists 
to any extent on vegetable matter is Iridoprocne bicolor; in the case of 
this species to the extent of twenty per cent. Most of the vegetable 
fruit of this bird is made up of the berries of the bayberry; the rest 
of such wild berries as those of the red cedar and Viriginia creeper. 

Harry C. Obbrholsbr. 

ORNITHOLOGY. — Notes on Nordt American birds. V. Harry C. 
Obrrholser. ‘The Auk 35 : 185-187, 1918. 

The North American goshawk, Accipiter atricctpillus Wilson, appears 
to be a subspecies of the Etuopean godiawk, and its two present sub- 
species ^ould, ^erefore, stand as AsPur gentilis atricapiUus (WUsm); 
and Asiur gentilis striatnlus Ridgway. The American golden-crowned 
kinglets are evidently subspecies of the European bird, and their names 
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should thus become Regulus regulus safrapa Wchtenstein, and Regidus 
regulus oliuaceus Baird. The form of fox sparrow called by Riley 
passerella iliaca alHvagans has been discredited by most recent authors, 
but is shown by further study to be a recognizable race. The same is 
true of Melospiza melodia inexspectata Riley from Moose Take, British 
Columbia. H. C. O. 

ORNITHOLOGY *. — The crow and its relation to man, E. R. KLalm- 
BACH. U. S. Dept. Agr. Bull. 621, 1-92; pis. 1-2; figs. 1-3. 1918. 

This bulletin concerns only the races of the common crow, Conms 
hrachyrhynchoSt with its various subspecies. These together inhabit 
practically all the United States and Canada. In the eastern United 
States the species is common and ranges over all kinds of country. It 
is one of the species that gather into roosts, particularly during the 
winter season, and at such times as many as nearly 300,000 birds some- 
times assemble. Its dose assodation with man makes its economic 
relations of much importance, and owing to its practically omnivorous 
habits the study of its habits presents more complicated problems 
than that of almost any other North American bird. In fact, not less 
than 656 specifically different items have been identified in stomach 
examinations. The present investigation is based on 2118 stomachs 
and some 3000 circulars of inquiry. The results show that the chief 
food of the crow consists of com and insects; the latter chiefly Coleop- 
tera, Orthoptera, Lepidoptera (larvae), and Hemiptera. Some spiders 
and cmstaceans are also taken, as well as reptiles and amphibians, 
together with small mammals, prindpally rodents. One of the crow’s 
most injurious habits is the destmction of wild birds and their eggs, 
and young poultry; but the latter can be partly if not wholly prevented 
by proper care. In some places, particularly in the southern United 
States, the crow often resorts to carrion for food, and under similar 
drcumstances molests livestock. 

The condusion regarding the economic status of Comts brachyrhyn- 
chos reached through the present investigation is that when feeding 
on injurious insects, crustaceans, rodents, and carrion it is benefidal; 
but when destroying small reptiles, amphibians, wild birds, poultry, 
com and other crops, and disturbing livestock, it is injurious. Any 
necessary means should be employed to prevent its depredations, but 
the species is at times too beneficial to be entirely extennmated. It has 
practically no natural enemies, and a reasonable reduction of numbers 
by man in areas where there are too many crows is desirable. 

Harry C. Obbrholser. 
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VITAL STATISTICS . — The relation between birth rate and death rate 
in a normal population and the rational basis of an empirical formula 
for the fnean length of life given by William Farr. Alfred J. Lotka. 
Quart. Publ. Amer. Statist. Assoc. i6: 121. 1918. 

In a previous publication it was shown by the author that under con- 
stant conditions the relation between birth rate per head b and death 
rate per head i in an isolated population approaches the form 

i/h = S: da (I) 

where p{d) is the probability, at birth, that a random individual will 
reach age a. 

When the relation (i) is plotted in rectangular coordinates it bears 
an outward resemblance to a hyperbola. 

We may write (i) in the parametric form: 

h = i/L + mr + nr^ + . . (2) 

d = i/L + (i — m)r + nr^ + ... (3) 

where r is the natural rate of increase of the population and L is the mean 
length of life (expectation of life at birth). 

Neglecting the second and higher powers of r it is easily shown that 
(2) and (3) are equivalent to the relation (4) between b and d, 

(4) 

which, it will be seen, is indeed h3T)erbolic in form. 

On the other hand. Equation 4, when expressed as a 'relation be- 
tween Vj and Vd assumes the simple linear form 



a relation which is identical in form with Farr’s empirical formula 
for the mean length of life 

f . ^ X - . ^ = L (6) 

3 b 3 d 

The empirical coffidents Vs and Vs which occur in Farr’s formula 
thus recdve a rational interpretation. 

Numerical illustrations taken from British Statistics are given in 
the original. A. J. E. 



PROCEEDINGS OE THE ACADEMY AND AFFILIATED 

SOCIETIES 

WASHINGTON ACADEMY OF SCIENCES 

The Board of Managers met on November 25, 1918. Progress was 
reported on arrangements for a meeting place for the affiliated societies 
and the problem offered by the rapidly increasing cost of publication 
of the Journal was considered. 

The Board of Managers met on December 13, 1918. The Editors 
were authorized to transfer the contract for printing the Journal 
for 1919 from the Williams & Wilkins Company, of Baltimore, to the 
Eschenbach Printing Company, of Easton, Pennsylvania. 

The following persons have become members of the Academy since 
the last issue of the Journal* Rear Admiral George Washington 
Baird, U. S. N., Retired, 1505 Rhode Island Avenue, Washington, D. C. ; 
Dr. Atherton Seidell, Hygienic Laboratory, Public^ Health Service, 
Washington, D. C. 

Robert B. Sosman, Corresponding Secretary, 

THE BIOLOGICAL SOCIETY OF WASHINGTON 

The 587th regular meeting of the Society was held in the Assembly 
Hall of the Carnegie Institution, Saturday, November 30, 1918; called 
to order at 8 . 10 p.m. by Vice President Hopkins; 35 persons present. 

Deaths of the following members were noted: Douglas C. Mab- 
BOTT, killed in France; D. E. Lantz, former Recording Secretary of 
the Society, victim of the recent epidemic of influenza; and Frederick 
Knab. 

Informal communications were presented as follows: 

Dr. L. O. Howard called attention to a communication and speci- 
mens he had received from Charles Russell Orcutt, of California. The 
specimens had been identified by Dr. Paul Bartsch as a noxious Euro- 
pean snail and had been discovered by Mr. Orcutt in a restricted area 
in California. Dr, Howard told of the steps that were being taken 
by the state to exterminate this newly imported species. This com- 
munication was co3tnmented upon by Dr. Bartsch, who mentioned 
other introduced ^des of sna^ which had become pests. 

Dr. T. S. Palmer brought to the attention of the Sodety that the 
year 1918 had been a very prosperous one for the A. O. U. in spite of 
wartime conditions. There are 950 members of the A. O. U., of whom 
75 are in France. Of the latter, Douglas C, Mabbott, also a member 
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of the Biological Society, had been killed. Doctor Palmer called at- 
tention to the several species of birds of paradise now on exhibit by the 
New York Zoological Society. He also referred to the increased cost 
of food seeds for caged birds incident to the war. The question of food 
seed shortage and substitute was discussed by Mr. W. T. McAtee 

Major R. W. Shupeldt spoke of various preserving fluids for ana- 
tomici, pathological, and zoological specimens. He exhibited several 
specimens preserved by them, and called attention to some of their 
advantages. 

The regular program was as follows: 

A. S. Httchcoce:: Some notes on the botany of Long^s Peak, Colorado, 
It was illustrated by numerous lantern slides. 

M. W. Lyon, Jr.: InfiiAenza. A brief account of the symptoma- 
tology and etiology of the recent epidemic of influenza. 

The paper was iscussed by Dr. H. S. Bennett, L. O. Howard, R. 
W. Shupeldt, W- P Taylor, and others. 


The 588th regular and 39th annual meeting of the Society was held 
in the Assembly Hall of the Carnegie Institution Saturday, December 
14, 1918; called to order at 8.00 p.m. by President Rose; 18 mem- 
bers present. 

On recommendation of the Council the following named persons were 
elected to membership: Maunsell S. Crosby, W. Lee Chambers. 
Charles B. Cory, Charles C. Deam, George L. Fordyce, C. I, 
Clay, Albert O. Garrett, Morton J. Elrod, Henry W. Fowler, 
H, M. Denslow, H. Gippord, John Dryden Kuser, V. A. Htjard, 
Arthur H. Helme, Philip Dowell, Edward A. McIlhenny, W. E. 
Saunders, Frank Smith, Aretas A. Saunders, W. B. Mershon, 
E. Lawrence Palmer, Lynds Jones, Althea R. Sherman, Robert 
Thomas Moore, Frank L. Burns, Harry B. Weiss, Frederic C, 
Kennard, Charles Theodore Ramsden, Carl Otto Rosendahl, 
Samuel F. Rathbun, Reginald Charles Treherne, Alexander 
Howard MlacEIay, Raymond J. Pool, P. A. Taverner, C. B. Wil- 
liamson, Joseph Mailliard, Joseph Francis Charles Rock, J. 
Chester Bradley, James Alexander Munro, Charles W. Howard, 
Frank S. Daggett, Frank T. McFarland, Charles A. Shull. 
Reports of Officers and committees for the year 1918 were received. 
Election of officers for the year 1919 resulted as follows: 

President^ H. M,. Smith; Vice Presidents, A. D. Hopkins, Vernon 
Bailey, N. Hollister, A. S. Hitchcock; Recording Secretary, M. W. 
Lyon, Jr.; Corresponding Secretary, W. L. McAtee; Treasurer, N. 
Dearborn; Members of Council, J. W. Gidley, Wm. Palmer, E. A. 
Goldman, AlEx. Wetmore, H. C. Oberholser. 

President Smith was noaninated for Vice President to represent the 
Society in the Washington Academy of Sciences. 

M. W, Lyon, Jr., Recording Secretary, 



SCIENTIFIC NOTES AND NEWS 

At the annual meeting of the Board of Regents of the Smithsonian 
Institution, held on December 12, 1918, Senator Thomas, of Colorado, 
and Representatives Ferris, Padgett, and Greene were elected to 
membership on the Board. * 

The Bureau of Fisheries, U. S. Department of Commerce, will build 
a new laboratory, estimated to cost $50,000, at Seventh and B Streets. 

Experimental work at the American University Experiment Station, 
of the Chemical Warfare Service was discontinued on December 31, 
the most of the personnel having been transferred or discharged. A 
few of the officers remain to write up reports of the work of the Station. 

Dr. N. L. Bowen, of the Geophysical Laboratory, Carnegie Institu- 
tion, has accepted the professorship of mineralogy at Queen’s Univer- 
sity, Kingston, Ontario. 

Major General William Crozier, U. S. A., former Chief of Ordnance 
and later commander of the Northeastern Military Department at 
Boston, has been transferred to the retired list of the Army on his own 
application, after a service of nearly forty years. 

Professor E. C. Franklin returned to Stanford University, Cali- 
fornia, in December, after spending the greater part of the past year 
in research on the synthetic process for the fixation of nitrogen. 

Dr. George E. Hale, of the National Research Council, and Prof. 
A. A. Noyes, of the Nitrate Committee, returned from England in 
December. 

Mr. Henry Hinds has resigned from the Geological Survey to enter 
the employ of the Sinclair Oil and Gas Company, at Tulsa, Oklahoma, 

Lieut, Herbert Graham Kubel, formerly cartographer with the 
U. S. Geological Survey, died on December 30, 1918. He left the posi- 
tion of acting chief engraver of the Survey in January, 1918, to receive 
a commission as first Heutenant in tiie Air Sei^ce. He was a member 
of the Society of Engineers. 

Dr. H. A. LuBS has resigned from the Bureau of Chemistry, U. S. 
Department of Agriculture, to enter the employ of E. I. du Pont de 
Nemours & Company, 

Prof. J. C. Merriam, of the National Research Council, returned 
to the University of Ca^omia in December. 

Professor Joji Saktjrai, director of the newly established Institute 
of Physical and Chemical Research in Tokyo, Japan, visited Washing- 
ton in December. 
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GENERAL SCIENCE. — Science and tite after-war period.^ 
Gborgb K. Burgess, Bureau of Standards. 

Somewliat more than a year ago it was my privilege to address 
the Philosophical Society of Washington on the subject Science 
and warfare in France^ in which I endeavored to indicate in some 
small measure the r 61 e science was pla3dng in the war we all hope 
has just been brought to a dose. 

At this time, may we not consider the transition period into 
which we are entering and ask ourselves what will be the effect 
of war on sdence, the men of sdence, and in the rdations of 
sdence to the community and the state? What are some of the 
lessons this war has taught? And what plans have been made 
here and dsewhere to apply them? 

A sdentific man would hardly be so rash as to pose as a 
prophet, yet he may, neverthdess, try to assemble and pass 
in review some of the tendendes of the time; and it is only 
by an intelligent examination of the underl}dng dianges whidi 
are being produced in sdence and in its relation to sodety, 
that he is enabled to see his way ahead a little more dearly 
into the mist of the future; and he may thereby be enabled, at 
least in some small degree, to chart his course and take ad- 
vantage of the various currents that have been set in motion 
by the war. 

^ Address of the retirmg Pxesident of the Philosophical Society of Washmgton> 
presented before the Society January 4, 19x9. 

* Scientific Monthly, October, 1917. 
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The question may here be asked, can we not see from previous 
wars what this war will bring forth, or at least the broad lines 
along which progress will be made, in science and in its relation 
to mankind? But with what previous war shall we compare 
this? Surely not with the short Franco-German war of 1870 in 
which but two nations were engaged; if with the world-wide 
wars of the French revolution and Napoleon, we have a duration 
of twenty-five years as compared with four; and if any war prior 
to that epoch is considered, the development of science was 
hardly in a state to form a basis of comparison. 

Again it may be adced, does war, did this war, stimulate 
scientific progress? Viewing the wealth of application of science 
in modem warfare, you will probably unhesitatingly say. Yes, 
but if you undertake to make a list of fundamental, new scientific 
principles developed as a war reaction I believe you will be 
embarrassed to name even a few of them; although there have 
been, of course, hundreds, nay, thousands, of applications of 
known scientific principles to new uses. It is stiU too soon, 
however, to estimate the scientific advance during the war 
and as caused by the war and such, even though I were competent, 
is not my purpose here. It will evidently be impossible to 
treat adequatdy the subject Science and the after-war period 
except in a most summary manner and I shall have to limit 
mysdf to certaia phases in which I have been interred, pa3dng 
particular attention to the physical sciences and the rdation of 
science to industry. 

SCXBNXnflC PRODUCTION 

What is the effect of the war on scientific production, is not an 
ea^ question to answer. Many men have been lolled, including 
a few who are scientific producers and many more young men who 
might have become distinguished in science; fur^ermore, not a 
few scientific centers have been destroyed. Thus viewed, there 
would appear to be a net loss to science in the world, but at the 
same time there have been stimulated to greater mdeavor a 
considerable number of men of scientific abifity and many new 
laboratories have been ^tablished. I bdieve that, for the 
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United States, the effect of the war will not have been detri- 
mental to scientific production as our losses in young men of 
scientific attainments have been relatively insignificant, and 
also, I firmly trust, the country has in part learned the lesson 
of the advantage to the nation of generously supporting research. 

For a country such as France, which has borne the brunt of 
the fighting for four years — and not until after the first battle 
of the Marne was any effort made to conserve her scientific 
men — ^the matter appears to be much more serious; but who 
dares to predict that the United States with nearly three times 
her population will lead France as a producer of original ideas 
in science a generation hence? It is well to remember that many 
of the master minds in science of the nineteenth century were 
bom during the Napoleonic wars, and that it is quality and not 
quantity that counts in scientific progress. 

Finally one may ask, is the after-war period to be one of 
great scientific activity or one of relative quiet, and what will 
be the lines along which development will take place? This 
brings us to a consideration of the nature and permanence of 
war activities in science. Never before have science and scientific 
men been used to such an extent both relatively and absolutely 
as the servants of war, both in the military establishments proper 
and in the not less important industrial supports. It is evident 
that what is beneficial in these relations should be maintained. 
In addition to the advancement in scientific knowledge, much of 
which is not yet generally available, brought into being by the 
war, there has also been worked out for war purposes, in a more 
or less satisfactory way, schemes of cooperation of scientific men 
with each other, with the state, with industry, and with the 
military establishment. Some of these are transitory in character, 
others are serviceable for both peace and war, and some have 
been devised especially for the after-war period. 

One might perhaps expect a certain relaxation of effort, even 
among scientific workers, following the strenuous efforts of the 
war, but one must not forget the natural zest of the scientific 
man to get back to his chosen field which he will want to culti- 
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vate in his own way and not under the more or less arbitrarily 
imposed conditions of military requirements. Although much 
of the scientific work of the war has been done individually, 
probably by far the greater part has been by collective efforts 
of groups of workers usually under the guidance of some re- 
sponsible committee or executive. Although this is no new 
phenomenon in scientific research, yet this cooperative method 
of attacldng difficult problems has been, under the stress of war, 
developed to an hitherto unheard-of degree. It is probable that 
the naturally individualistic traits of scientific men will tend to 
cause a lessening of this type of common endeavor; although in 
the distribution of investigation, between groups or individuals, 
there will probably be a greater number of groups than before 
the war, the habit of working together having been fostered, 
and its advantages appreciated in certain cases. For scientific 
research carried out in the interest of industry, this group method 
will very Kkely be greatly developed. 

standardization 

One of the fundamental factors of the greatest economic 
importance, which the exigencies of the war have brought re- 
peatedly to the fore both in battle and in worktop, is what one 
■might almost call the cTUsade of standardization. This has 
taken on innumerable aspects and has constantly been recurring 
in conservation programs, economic production, and in the 
elimination of waste, time, materials, and men. The savings that 
may be accomplished by the scientific application of what we may 
call the principles of standardization in production, manufacture, 
and distribution of many, if not most, of the more usual com- 
modities of commerce and industry is so great that I believe that 
it is not an exaggeration to say that by this means alone our 
national debt could soon be paid off, both interest and principal. 
An indication of what can be done along this line has been ably 
demonstrated in our own country by The War Industries Board 
and in particular its Conservation Division working in coopera- 
tion with the various industries. 
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This cooperation between Government and industry has been 
made most effective by the enforced revival of the guild organiza- 
tion in industry. The fact that an industiy has been represented 
successfully as a whole during the war by an elected committee 
in treating with the Government and among themselves on 
matters of common interest, is charged with great possibilities 
for like action along voluntary lines during peace times. Al- 
though of course many of the questions thus treated may be 
considered as outside the realms of science, nevertheless the 
scientific man cannot be separated from this development, which, 
it is most urgently desired, may be continued, although along 
less arbitrary lines than were necessary in time of war. 

SPECIFICATIONS 

A closely related matter is that of preparing satisfactory 
specifications for materials and manufactured articles. Wash- 
ington might almost have been called a specification factory 
during the past eighteen months. This is economically one of 
the most important of subjects and too great emphasis cannot be 
given to the desirability, not merely for materials of military 
interest but for all uses, of being able to define adequately and 
sufficiently — ^not too loosely nor yet too rigorously — ^the ma- 
terials and articles that form the basis for practically all pur- 
chases. There have been, and stiH are in many fields, great con- 
fusion, uncertainty, and differences of opinion as to facts, and 
most of this is, in the last analysis, a result of ignorance 
of the scientific data regarding properties and materials on whic*h 
the qiedfications are based. The nation has undoubtedly 
suffered untold losses on account of this ignorance, and endeavors 
^ould be made on a sufficiently comprehensive scale to eliminate 
as much as possible the waste arising from this cause. 

Iimumerable instances could be dted of the harmful and 
costly effects of too rigid ^edfications and of course we all 
know some of the dangers of too loosely drawn ^dfications. 
I will cite two of the former in my own fidd of metallurgy. A 
foreign government had a limitation, dating some thirty years 
back, of 0.05 per cent copper in a certain grade of munition steel 
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being made here. AJl the steel made from certain ores in this 
country necessarily carried four or five times the stipulated 
copper. Although at first insisting on the rejection of the 
steel, the government in question finally accepted it after over- 
whehning evidence was submitted showing that ten times the 
amount of copper was not o^y not detrimental but also of actual 
advantage in this sted. This single contract involved several 
millions of doUars; the total cost of all the experimental work 
ever done the world over on the effect of copper on steel would 
be at most a few thousands. 

The second illustration is given by another government which 
desired to purchase steel here for aircraft parts with a phosphorus 
and sulphur content together of less than 0.03 per cent. They 
could buy no steel, and if they had been able to place an order 
it would have been at an exorbitant price. The fact that all the 
other allied countries were using a much less rigid specification 
with safety finally convinced them that theirs was too severe. 
Incidentally this latter case shows the evident advantages of 
interchange of ideas and experience in such matters. 

Not a little of the delays in production of many materials 
for war purposes was due to the multiplicity of specifications 
insisted upon by the various independent purchasing depart- 
ments of tire Government. Some progress is being made toward 
unity in standardization and spedfications in the War Depart- 
ment and it is highly desirable that there be constituted a central 
body with authority for all departments. A single board, for 
example, to frame metal specifications for all would make for 
economy and eflfidency. 

That the technical public is now ready for such simplification 
and uniformity is evident by the recent creation, somewhat on 
the British model, of the Engineering Standards Committee. 
The Germans are also said to be forming a similar organization 
and the French and Italian governments have organized stand- 
ards committees. It is to be hoped that this is one of the after- 
war activities to be pushed. It is not too much to say we have 
entered an era of standardization. It is not necessary before a 
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group of scientific men, however it may be elsewhere, to state 
that standardization necessarily involves research, often very 
elaborate and costly. 

industrial RESEARCH 

The relation of science to industry has been a fruitful subject 
for discussion in recent years both here and abroad and nowhere 
has the question of industrial research, as it is often called, 
been cultivated more intensively and made more progress as a 
direct result of the war than in Great Britain; and it may be 
of interest to mention briefly some of the steps in the progress. 

Following the economic congress of the Allied Nations at 
Paris, there was formed in July, 1916, a committee, presided 
over by Lord Bmrleigh, on commercial and industrial policy 
after the war, and the reports emanating from this body and its 
auxiliaries cover the whole field of the economic aspects — ^in- 
dustrial, commercial, technical, and scientific — of the after- 
war period, and lay particular emphasis, for example, on the 
protection and development of ‘'key” or “pivotal” industries, 
most of them requiring the highest grade of scientific and technical 
sTrill for their maintenance and advancement, such as synthetic 
drugs, optical glass, chemical glassware and porcelain, dye- 
stuffs, magnetos, high explosives, etc. 

It is of interest to note in passing that the questions of decimal 
coinage and the compulsory use of the metric system of weights 
and measures were also considered and their adoption not ad- 
vised. The arguments advanced for this conservative stand, 
if valid, are of a nature that would seem to make it difficult 
ever to make the metric system universal. A transition period 
like the present has precedent for the establishment of such a 
simplification of units and standards; for the metric system 
originated during the French Revolution and the International 
Bureau was founded at the time of the war of 1870. 

There has since been estabfi^ed in England a Ministry of 
Reconstruction to deal with the numerous problems the transi- 
tion period presents. A Department of Scientific and Industrial 
Research with a Parliamentary Secretary has also been created 
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and has beai active for nearly two years: (i) It has been 
encouraging firms in well-established industries to undertake co- 
operative study of the scientific problems affecting their processes 
and raw materials, and has at its disposal a sum of one million 
pounds for grants on the basis of an equal subscription from indus- 
try ; (2) the Department has further prepared to undertake at the 
public cost investigations of general interest ; (3) the importance to 
industries of the establishment of standards on a scientific basis 
is recognized and the financial control of the National Physical 
Laboratory has been taken over, with provisions for pensioning 
the staff, (4) efforts are being made to increase the numbers of 
trained research workers, which had reached a dangerously low 
ebb in 1915 as recognized by Lord Burleigh’s committee, who 
found but forty qualified, unattached persons available for 
research in the United Kingdom 

Very substantial results have already been achieved in these 
several fields and hardly a copy of Natuje can now appear which 
does not record some new grant, technical committee, industrial 
research association, or other advance in the interdependence 
of science and industry tmder governmental supervision. It is 
also especially significant to note that some of the industries are 
also standing on their own feet and establishing their own re- 
search laboratories along cooperative lines. 

There is also the recently founded British Science Guild with 
a distinguished membership which maintains lectureships and 
does much to foster the dissemination of the aims of research 
among the public. 

This spirit of organized research has been contagious through- 
out the British- Empire and there are being established similar 
associations, institutes, and laboratories in Canada, Australia, 
South Africa, and elsewhere. 

Rather curiously in the democratic British communities, it is 
the Government that appears to be taking the lead in the stimula- 
tion of scientific research, particularly in its relation to industry. 
It is probable that the reasons for governmental initiative are 
in part a result of the abnormal conditions of the nation at war 
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during which time individual efforts are much more difficult of 
effective expression — ^the community in the time of danger is 
thinking and acting as a tuiit tmder mi&tary stress, and milit ary 
methods predominate. As normal times return we may e3q>ect 
the state to relax its vigilance and the individual person, society, 
or industry to reassert to a greater degree their qualities of 
initiative and independence. It is not improbable, however, 
that there is a genuine conscious effort for the more generous 
support of researdh by the British public as a national asset, 
which support will be maintained in peace times on a mudi 
more extensive scale than in pre-war times. 

UNION OP SCIBNTIPIC WORKERS 

Another incident significant of the trend of the times is the 
formation in October last of the British National Union for 
Scientific Workers with five hundred members whose main 
objects, most worthy of repeating here, are: (i) to advance the 
interest of science as an essential element of the national life; 
(2) to regulate the conditions of employment of persons of ade- 
quate scientific training and knowledge; (3) to secure in the 
interests of national efficiency that all scientific and tedmical 
departments in the pubUc service, and all industrial posts in- 
volving scientific knowledge, shall be under the direct control 
of persons having adequate scientific training and knowledge. 

The question that every scientific man in America naturally 
and perhaps unconsciously asks himself on heating of sudh an 
organization is, of course, why not form sudi a union here? 
Indeed, the matter has been discussed in some centers and it 
would probably not be difficult to organize in the United States 
a similar union of scientific workers. Bodies somewhat dmilar 
already exist among various educational and professional g^roups. 
It diould be borne in mind, however, in considering this matter 
that in addition to the general objects stated above, the scientific 
workers of England were almost compelled to organize in order 
to have representation on the so-called Whitley Industrial 
Councils, havirg to do with matters affecting labor and manage- 
ment relations in industry and one of the creations of the re- 
construction program. 
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Forming what is perhaps the natural corollary to the foregoing, 
there has been some serious discussion in Britain of the desira- 
bility of having representatives of science as such in Parliament; 
certain of the universities have had represaitation for a long 
time but it is doubtful if the matter of representatives of science 
is pudied seriously. If science, why not literature, the arts, and 
so on? 

While we are considering the question of the scientific man 
himself, there is one phase of his relation to science and to in- 
dustry that I cannot pass by, which will need perhaps even more 
serious consideration in this transition period than it has had 
in the past. I refer to the bidding for his services by technical 
industries. A man who leaves the university or professional 
school and enters the research department of an industrial 
concern is not the man I mean. Is not the case different for 
a man who has chosen his career of scientific investigation in 
a imiversity or other scientific institution independent of or 
under state control? This man, if taken from his environment by 
offers of financial gain, goes to enridi most certainly some special 
interest with his science and is stiff a valuable member of the 
community; but generally speaking, is it not of advantage to 
the community to keep that man contented in his, what I am 
tempted to caff, more natural environment? Natural, for he 
chose it and adapted himself to it. When the staff of an in- 
stitution of the character of the Geophysical Laboratory is in 
danger of being absorbed by industry, does not the matter 
become of serious concern? Should not the industries rather 
be encouraged to take their scientific men when they are young 
and not break up going scientific concerns? No doubt a certain 
amount of interchange in scientific personnel is to be encouraged 
but it diould be interchange and not bleeding practiced by 
industry. Providing an adequate supply of sdentificaffy trained 
men for the needs of industry, and defining the proper relations 
between industrial management and scientific centers, are 
questions meriting the most serious concern of the community. 
Our supply of sdentificaffy and technically trained men is all 
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too meager and if, as many expect, there is now to be a period 
of expansion in the foreign trade of the United States involving 
possibly the establishment abroad of numerous branches of highly 
technical industries, the demand for such men will become 
more urgent than ever, particularly in the case of men of scien- 
tific training with engineering experience. 

EDUCATION OP SCtENTiPiC WORKERS 

This brings us to the question of the education of scientific 
men, which subject it is possible to mention but briefly. Here 
again the interruption, disorganization, and readjustment of 
educational training in America have been insignificant as com- 
pared with the disturbances in education brought about by the 
necessities of war of the European countries, but even in this 
coimtry experiments with intensive training and shortened courses 
have been tried on a large scale but, it must be borne in mind, 
for a limited period only. Our educational institutions will 
undoubtedly be able to preserve some of the beneficial char- 
acteristics brought out by such speeding up but for the most 
part there probably will be little effect on the kind of training 
otu scientific men will get. 

It would appear to be highly derirable that as large a propor- 
tion as heretofore of our scientific men pass a portion of their 
preparative period abroad amid cultural surroundings different 
from those in which they grew up. As a beginning it is to be 
hoped that many of our young men now in Prance will be given 
the opportunity to take advantage of the generous offer of the 
French Government for instruction in the schools and universities 
of France. This if carried out on a considerable scale, will 
have far-reaching effects, the benefits of which can hardly be 
overestimated. It is also to be hoped our universities will not 
only encourage the coming of foreigners more than heretofore 
but also render easier the migration of American students from 
one American institution to another. The establishment in 
Washington of schools framed on lines similar to the “Ecole des 
Hautes Etudes” and the “College de France,” which are devoted 
exdusivdy to research would go far toward making more gener- 
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ally available the researdi fadUties and sdentific men of the capi- 
tal. 

During the •vrar the sdentific men of the country have been 
thrown into dose assodation with eadi other, perhaps even 
closer in many instances than in pre-war times in spite of the 
decrease of attendance at sdentific meetings and in the number 
of such meetings; in addition, there have been devdoped, as never 
before, acquaintance and cooperation of the men of sdence 
of this and the allied countries; and not only the men of one 
sdence have been thrown together but representatives of what 
we ordinarily consider very diverse sdences have been brought 
into dose personal and professional contact. All this makes 
for the unity of sdence and the broadening of sdentific men. 
It would seem desirable to make an effort to perpetuate this 
habit of assodation of sdentific men from different cotmtries. 
You will recall that in 19 r4 there were projected several inter- 
national congresses in sdence and engineering. Would it not 
be well, as soon as circumstances permit, at least to revive these 
projected congresses with such limitations as comply with the 
condusions reached recently in London by representatives of the 
National Academies of the Inter-Allied Nations^ 

SCEBNTnfIC publications 

A very important matter, that has been hdd generally in 
abeyance by the war, which will soon again require the serious 
attention of sdentific gatherings, is that of the polides regard- 
ing sdentific publications. Very definite proposals have been 
discussed recently in England looking particularly to the avoid- 
ance of duplication, confusion, and other anomalies in sdentific 
literature and to its more effective distribution. This question 
again is a variant of the standardization problem and is further 
complicated by interests or prejudices, both national and pro- 
fessional, of numerous sodeties representing often, if not com- 
peting, yet overlapping fidds of sdence. For any particular 
brandi of sdence, there are also the international aspects to be 
considered induding the question of language; and it is within 
the bounds of possibility, for example, that there will occur a 
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revival of the more concerted efforts for the use of an auxiliary 
international language such as Esperanto, or, if you will, some 
standardized international form of expression in science. 

If I have dwelt with less emphasis on some of the recent, 
strictly American tendencies of scientific development, I trust 
it fair to assume you are acquainted with most of them. The 
great work of the National Research Council is certainly familiar 
to us all and it is good news to hear that plans are being developed 
toward reorganizing the Council to meet the conditions of the 
reconstruction period. There is great need in the United States, 
with our rdative geographical isolation and great distances 
between many scientific centers, for an active scientific body 
devoted to the initiation, stimulation, and corrdation of scientific 
research. 

Furthermore, by emphasizing the recent British developments 
in the relations of state, industry, and science, I by no means 
desire to imply that we have not been active in America. These 
matters are being freely discussed here and many plans are being 
formulated, and some are in operation, for cooperative research 
in various branches of science particularly as applied to industry. 
The weekly and monthly scientific press are full of them. It 
is to be noted that in contrast with the British experience, in 
America less expectation is being placed on governmental aid 
to new research projects; an exception to this is, of course, the 
&nith-Howard bill now before Congress for promoting engineering 
researdi in the several states. 

CONCLUSIONS 

In America, individual initiative in the past has on the whole 
been more potent than the state in providing the funds for main- 
taining researdi. In the prosecution of the war now drawing 
to a dose, however, the Federal Government has spent huge 
s ums on projects requiring sdentific investigation and devdop- 
ment, and, in order to carry out the sdentific projects of military 
urgency, has mobilized the sdentific men of tiie country. Is it 
w^ during the after-war period to demobilize completdy this 
army of sdentific men? No one would yet think of having 
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no organized military force in peace time, and there is in every 
well-organized state always at least a skdeton army with all 
branches represented, including a competent staff, arsenals, 
depots, surplus munitions, and supplies. 

The great scientific bureaus of the Government are organized 
for the problems of peace and, although they, can give a good 
account of themselves under war conditions, yet would it not 
be well, at least until the millenniuTn. is more clearly in sight, to 
retain more than a nucleus of an organization of scientific men 
in the service of the state and especially in the military and naval 
establishments? We can all name branch after branch of each 
of these services which before the war contained almost no 
scientific personnel but to which have been added during the war 
scores and hundreds of scientific men; and in some cases it was 
no easy matter to gather and coordinate this personnel. 

What therefore appears to me as one of the very important 
problems of the transition period, namely the proper balancing 
and distribution of the sdeutific forces of the country as between 
the military and civilian activities of the state on the one hand, 
and the industrial and academic activities of the cotmtry on the 
other, is even now undergoing the process of being solved. 
The readjustment will go on largely unperceived at the moment, 
and the dianges will be accompanied by the usual quiet but sig- 
nificant struggles. The more rapidly the world settles down to 
more stable conditions, the more promptly will we reach this 
d3mamic equilibrium of the distribution of scientific men and the 
balancing of competing fields in scientific research. 

GEOLOGY . — Lower Cretaceous age of the limestones underlying 
Florida.^ Josbph A. Citshman, Sharon, Massachusetts. 
(C ommun icated by T. W. Vaughan.) 

A study of the Foraminifera of well borings from a number of 
the deeper weUs of Florida has proved of more value than was at 
first expected. Some of these wells reach depths not heretofore 
penetrated in this area. The wells giving the most important 
results and their depths are as foEows: 

^ Publi^ed by permission of the State Geologist of Florida. 
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Near Burns, Wakulla County; 2,153 f®®*- 

Jacksonville, Duval County; 980 feet. 

St. Augustine, St. Johns Coimty; 1,440 feet. 

Anthony, Marion County; samples from 50-500 feet. 

Eustis, Lake County; samples from 100-180 feet. 

Bushndl, Sumter County; samples from 380-3,080 feet. 

Apopka, Orange County; samples from 50-390 feet. 

Sanford, Seminole County; samples from 95-113 feet. 

Cocoa, Brevard County; a sample from 190 feet. 

Tiger Bay, Polk Coimty; 770 feet. 

Okeechob^, Okeechobee County; samples to 500 feet. 

Fort Myers, Lee County; 950 feet. 

Marathon, Key Vaca, Monroe County; 2,300 feet. 

The examination showed many Foraminifera, among which 
were two species of the genus Orhitolhia occurring at different 
levels. One of these, a small conical species, is encountered 
at much higher levds than the other which is a large, low, some- 
what concave species. The first of these is very close to, or 
identical with, a species of Orbitolina known from the Quitman 
Mountains of Western Texas, where it characterizes a horizon 
of the Fredericksburg group of the Lower Cretaceous. A species 
seemingly identical is found in the LoWer Cretaceous of the 
Province of N avarra in northern Spain. Other species of different 
groups, echinoderms, etc., are identical in Spain and northern 
Mexico in the Lower Cretaceous. 

Below the Fredericksburg in the Quitman Mountains, in the 
same section, in the Trinity group of the Lower Cretaceous 
are horizons marked by great numbers of Orbitolina texana which 
is seemingly identical with the larger species of the Florida well 
borings and found only at some depth below the conical species. 
In the borings accompan3dng these species are others that are 
dose to Lower Cretaceous spedes of Europe. 

The limestone characterized by these spedes of Orbitolina 
seem to underlie practically the whole of the peninsula of Florida, 
bdng found in the wdls at the north near Bums, Jacksonville, 
and St. Augustine, in the well at the south on Key Vaca, and 
in the central region at Anthony, Eustis, BushneU, Apopka, and 
Tiger Bay. 

Assuming the altitude above sea levd at Apopka as 150 feet, 
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the Lower Cretaceous stands 35 feet above present sea level, 
for the conical OrbitoUna appears in the well borings 115 feet be- 
low the surface. From shnilax data it appears to be 33 feet below 
sea level at Anthony and less than 100 feet below sea level at 
Fustis. 

At other localities, it is 400 feet below sea level at St. Augustine, 
820-845 ^ Jacksonville, 500 feet at Tiger Bay, and 1,248 

feet at Marathon. Assuming an even rate of slope and that 
the conical OrbitoUna is confined to a single horizon, this gives a 
dip southward from Apopka to Tiger Bay of about 9 feet to the 
mile and from Apopka northeastward to St. Augustine of about 
6 feet to the mile. A low anticline is thus indicated with its 
center somewhere in the general region of Apopka. 

On the upper surface of this Lower Cretaceous limestone the 
upper Eocene is represented by the Ocala limestone and in part 
at least by the Claiborne. The borings indicate that this contact 
is unconformable, because there is no Upper Cretaceous present 
in any of the well samples that were examined. Tins may be 
due to deposition and subsequent erosion or to the area being a 
laud mass at this time. As the Washita, or upper group of the 
Lower Cretaceous, is unrepresented so far as can be seen, this 
group, if deposited, may have been eroded during Upper 
Cretaceous time while the whole area was elevated to a slight 
degree, the elevation having taken place, as in other regions, 
at the end of Lower Cretaceous time. The structure indicates 
this possibility rather than that the whole series was deposited 
and subsequently was entirely removed by erosion. It seems 
then that the area must have been a land mass during Upper 
Cretaceous and early Eocene time. 

The Ocala and Claiborne are not represented, as far as the 
samples show, at Apopka and this area may have been an island 
during the deposition of the Ocala. 

Where the typical Ocala is developed it seems to be only about 
40 feet thick instead of the much greater thidcness usually 
assigned to it. The fossils of the Ocala are brought up from 
lower levds but are evidently specimens that have dropped 
down from higher levels during the drilling. A bed of peadiar 
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Ntmmulites characterizing the Claibome occurs just below the 
Ocala and makes an excdlent criterion for ddimiting that forma- 
tion. The Ocala also dips to the northeastward and to the 
south from the Apopka region. 

From the present occurrence of the Ocala above sea level in 
west central Florida and its occurrence in the Tiger Bay and St. 
Augustine wdls at 360 and 224 feet, respectively, below the 
surface, a dip somewhat like that of the Lower Cretaceous is 
indic9.ted. 

The general conclusion from the evidence of the Foraminifera 
is that the whole of the Florida peninsula and probably a part 
of north Florida as wdl, as indicated from the data near Bums, 
are underlain by rocks of Lower Cretaceous and perhaps older 
age and that on the Lower Cretaceous the upper Eocene beds 
were deposited. The area was probably uplifted at the end 
of the Lower Cretaceous and remained a land mass during 
Upper Cretaceous and early Eocene time, after which it was 
again depressed and except in the region of Apopka was under 
water during the deposition of the Ocala limestone in late Eocene 
time. 

EPIDEMIOLOGY . — A contribution to quantitative epidemiology. 

AjwmiBd J. Lotka, New York City. 

In his recent paper on Pathometry^ Sir Ronald Ross de- 
velops, for a certain dass of cases, the equation 

= cF^sds. (i) 

In this equation F,,, ds denotes the number of cases which 
at time t have been affected for a length of time comprised within 
the limits of 5 and s -f- ds; is accordingly the rate at which 
new cases are developed at time t. The total population is P, 
the unaffected population A, while c is the coeffident of in- 
fectivity. 

A solution is given by Sir Ronald Ross, among other things, 
for the special case that the coefBdent of mfectivity c is inde- 

* Proc. Roy. Soc. 93: 235. 
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pendent of the “duration” (age dated from inception) of the case, 
and that F,,* is constant, namely 


over the range defined by 
while 


Ft.s = Ft,o 

(2) 

gi < s < 92 

(3) 

Ft,, = 0 

(4) 


outside of this range. 

A solution can still be obtained, as indicated below, if we 
abandon these restrictions,® retaining only the following as- 
sumptions: 

1. Immigration and emigration are negligible. 

2. The affected population is always a small fraction of the 
total and, the total population being given as constant, the 
unaffected population also may therefore be considered as 
practically constant.® 

3. The coefficient of infectivity c, though a function of the 
duration s, is independent of i. This is equivalent to saying that 
the infectivity of the disease varies in each affected person 
according to the “age” (diuation) of the case, but is the same 
function of this age from case to case, at all times. 

Equation (i) is then of the form 


F,., = K p c (5) F,, ds. is) 

J Ql 


* We shall, however, retain the condition expressed in ]Bquation (4). This is 
virtually no restriction at all since gi and in (3) may be given any values from 0 
to 00 , and in practice the duration of the disease is always limited to finite time. 
At most the condition (4) might be construed as excluding infection by nonafiected 
carriers. 

^ In the notation of Sir Ronald Ross’s paper we have, in fact, in this case 


A P^Z 
P’^ P 


I since Z, the affected population, is small as compared with P, the total 


population. The coejQ&dent K which occurs in (5) and subsequent equations is 
thus practically unity. 

The case is here analogous to that of certain chemical reactions in whidi one of the 
reacting substances is present in large excess, as for instance water, when used as a 
solvent for the reacting substances in dilute solution, and when itsdf consumed or 
formed in the process. The concentration of the water in such cases may be re- 
garded as practically constant. 
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It will be convenient to adopt a somewhat different notation 
to designate Ft,, the “survivors” at time i, “of duration s," 
out of the original batch Ft,, of new cases. 

If we denote by F (t) the new cases per unit of time at timp 
t, and consequently hy F {t — s) the new cases per unit of fitrip 
at time {t — s) , then let F {t — s) p (s) denote the survivors 
at time t of the new cases per unit of time which originated at 
time (t — s). Evidently the relation between this notation 
and that in the original paper referred to above is 

Ft,, = F(t — s) p (s). (6) 

In this notation (5) becomes 

F(t) = K F(t-s)p (s) c (s) ds (7) 

which, in view of (4), may indifferently be written 

F (i) = iC F (i- s) (s) c is) ds. (8) 

The integral equation (8) is of the type dealt with by Hertz. ^ 
To solve it we must know the value of F {t) from i =0 to i =qt, 
or what is the same thing, the munber of cases at every “age” 
(duration) between o and at time t = o. We may leave 
out of account the number of cases of “age” (duration) above 
92 at time q^, since they have ceased to be infective. 

We have then by Hertz 


Kjlsp{s) c{s) e -“fc* ds 


h-i 


Where «i, M2 ... are the roots of the equation for « 

1= if J" Pis) c (s) e -“‘ds. (lo) 

* Math. Ann 65: 86. At the same time, it will also no longer be warranted to 
mnVp. the assumption (implied in a constant population) that the death rate is not 
appreciably affected by the progress of the disease (unless indeed the disease is 
never fatal) . Moreover, if a large proportion of the population has become affected, 
the unaffected portion of the population will in practice be inherently different in 
dbaiacter from the total population. It will contain a larger proportion of persons 
of low “susceptibility,” So long as the number of persons affected forms but a 
gmfliT ftaction of the total population, we may neglect this “sdective’* effect, as has 
been done above. But with a large “affected” proportion of the total population 
this neglect is no longer justiffed. 
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From the nature of the case qi, p (s), and c (s) are never nega- 
tive. It follows that (lo) has one and only one real root U, 
which is = o according as 

^ J*® (5) c (5) = I . (ii) 

It can easily be shown that any other root must have its 
real part less than U. 

It follows that for large values of i the term with the real root 
U outweighs aU other terms in (9), and F (t) approaches the value 
F (0 = F (o) . (12) 

Furthermore, 

Fit- s) ^ (13) 

and 

/'M == F (t - s) p (s) = F (0) e ^ p is) (14) 

The function is thus determined. 

For Z it), the total number of cases existing at time t, we have 
by Equation 86 of Sir Ronald Ross 

2 it) = F it -s)p is) ds (15) 

= F it) e p is) ds (16) 

= C F it) (C = const.) (17) 

since we are assuming that p (5) is independent of and hence 
by (12) 

Zit) ^ CFio)e^‘ (18) 

= Z io)e (19) 

that is to say, the affected population increases in geometric 
progression with the time, at the same proportional rate as do 
the new cases per unit of time. 

In practice, if this state of affairs persists, a time must be 
reached when, with a constant total population, the affected 
population can no longer be regarded as a small fraction of the 
total, and when, therefore, the solution here given no longer 
applies.® 

One point deserves ^edal notice. It will be observed that 
since U is determined by Equation, (10), it is wholly independent 

* See footnote 4. 
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of the subsequent fate of the affected persons after they pass 
beyond the period qx of infectivity, or of their condition before 
they enter it, provided only that they enter it with a given value 
of P (9i)* This may appear at first sight somewhat surprising, 
but on reflection is found to be in accord with reason. 

The case discussed above is strictly analogous to the Prob- 
lem in Age-Distribution*' which has been treated by Prof. F. R. 
Sharpe and the writer elsewhere.® The development given 
above is what the present author had in mind when he wrote, 
in a previous publication:^ 

Brief reflection shows that we can apply to this case (endemic disease) 
a mathematical treatment precisely an^ogous to that of the growth 
of a population; for we may think of the diseased portion of the popula- 
tion as a separate aggregate, into which new UMfividtmls are recruited 
by fresh infections, just as new mdividuals enter an ordinary popula- 
tion by procreation. On the other hand, members are continually 
eliminated from the aggregate, first by deaths, secondly by recoveries. 
On the basis of these considerations formulae can without diflB.culty 
be established between the factors enumerated above. Such general 
formulae, however, involve certain functions which are unknown, and 
the determination of which by statistical methods would at best present 
great difilculties. 

In conclusion it may not be out of place to remark that, aside 
from mathematical similarity, what places the two cases — growth 
of a population and spread of a disease — ^in the same class, is 
the physical circumstance that both are cases of autocatalytic 
or autocatakinetic growth. The rate of growth at any instant 
increases with the size of the existing nucleus or focus, other 
things equal. 

« See also Sharp® and Lotka. Phil, Mag., Apr. 1911, p. 436. 

^ Nature, Feb. 8 , 1912, p, 497, 
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Authors of scientific papers are requested to see that abstracts, preferably 
prepared and agned by themselves, are forwarded promptly to the editors 
The abstracts should conform in length and general style to those appearing in 
this issue 

PHYSICAL CHEMISTRY . — The color of inorganic compounds. P. 

RussblI/ V. Bichowsky. Joum. Amer. Chem. Soc. 40: 500-508. 

March, 1918. 

It is shown that every valence state of an element can be associated 
by means of purely experimental evidence with a definite “atom color.” 
There is a marked relation between atom color thus determined and 
valence and valence variability. The atom color of every dement in 
its normal valence state, that is, in the valence state which corresponds 
to its place in the periodic system, is zero (all nonvariant-valence 
atoms have their normal valence). The atom color of an dement, in 
valence states where the valence is decreased or increased by an odd 
number from the normal valence, lies further in the blue than the atom 
color of the same dement in any other valence state. The atom color 
of an dement in a state whose valence is removed by an even number 
from normal will be zero if compounds of the dement do not exist in 
which the valence of the dementis removed by an odd number from 
normal; otherwise the atom color will lie further in the ydlow than 
the atom color of the same dement in a state of valence removed by 
an odd number from normal. Compounds between nonvariant- 
valence dements will be colorless. Compounds between a nonvariaut- 
valence dement and a variant-valence dement will have the same color 
as the "atom” of variant-valence dement. Compoimds between other 
dements wiH have colors more to the blue than the sum of thdr atom 
colors. All these regularities can be deduced from a variation of Lewis's 
theory of atom structure. The almost perfect accord between the de- 
duction and the facts indicates very strongly that Lewis’s fundamental 
h5rpotheses are correct P. R. B. 
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INORGANIC CHEMISTRY. — The equilibrium between carbon mon- 
oxide, carbon dioxide, sulfur dioxide, and free sulfur. John B. 
Ferguson. Joum. Amer. Chem. Soc. 40:1626-1644. November, 
1918. 

This paper contains an extended account of the investigation of the 
reaction CO + ^/2S02 CO 2 + ^/S2i a partial summary of which 
appeared last year. The study was undertaken primarily as a part 
of a comprehensive study of certain gas reactions and their r 61 e in vol- 
canic activity, and this particular reaction was selected because it af- 
forded a direct means of determining the free energy or thermod5mamical 
potential of sulfur dioxide, one of the most important of the volcanic 
gases. 

The composition of the equilibrium gas mixtures obtained, with the 
corresponding initial gas mixtures, both calculated and actual, and the 
resulting equilibrium constants, are given in tabular form and the ther- 
mod3mamical calculations based thereon given in detail. The latter 
give an average mean value of 3.99 for the thermodynamical constant 
I and — 22510 calories for the change in free energy for the reaction 
tmder standard conditions. For the reaction Sr + O2 " 7 ^ SO2 under 
similar conditions, the value for the change of free energy is - 69761. 

R, B. SOSMAN. 

ENTOMOLOGY. — Memoirs on the Coleoptera VIII. Thomas L- 
Casey. New Era Printing Company, Lancaster, Pa. November 
12, 1918. 

In this volume the author reviews several large subfamilies of the 
Carabidae or ground beetles. A very large number of new species and 
subspecies are described, especially in some of the groups of the Bembi- 
diinae and in the Celia and Amara of the Amarinae. A r 6 sum 6 of the 
American genera and subgenera of the Pterostichinae is given in some 
detail. There can scarcely be a doubt that all the forms enumerated 
have at least some taxonomic standing, although the true interrelation- 
ship of the various units is a problem that cannot be solved except 
in many years of careful study. 

There are two passably definite methods in the investigation of 
natural groups in the Insecta, so far as the delimitation of species is 
concerned. One of these methods, which is more especially developed 
among the German investigators, constantly bears in view the over- 
looking of differences, in order to reduce specific forms to the smallest 
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possible number. The other, which might be regarded as more 
essentially the French system, carefully records differences, whether of 
structure or facies, and endeavors to formulate a taxonomic scheme in 
accordance therewith. One system is based more especially upon 
resemblances, the other upon differences. Either system when carried 
to an extreme must involve mistakes, though knowledge as a whole 
is more likely to be advanced by the second than by the first of these 
systems. The author of the present volume indines to the French 
S3^tem, whidi apparently is also preferred by most of the English 
investigators. T. I,. C. 

APPARATUS. — Temperature uniformity in an electric furnace, John 

B. Frrgttson. Phys. Rev. 12: 81-94. July, 1918. 

The problem of temperature uniformity in an dectric furnace is inti- 
mately connected with almost all investigations carried on at high 
temperatures. For this reason it has generally been considered as a 
part of a larger problem and has been solved to the extent demanded 
by the requirements of the work at hand. In this paper the writer 
presents a more general discussion of the subject, together with many 
results obtained by him in his various investigations bearing directly 
thereon. The production of temperature uniformity in an dectrically 
heated air column may best be done by means of three independent 
heaters and end plugs. R. B. S. 

APPARATUS. — Thermal leakage and calorimeter design. WAVrwe. P. 

White. Joum. Amer. Chem. Soc. 40: 379-393. February, 1918. 

The interchange of heat between a calorimeter and its environment 
(thermal leakage) is practically proportional to their temperature 
difference, except for the effect of evaporation and for that of convec- 
tion, which is, for ordinary calorimetric conditions, more nearly pro- 
portional to the square of that difference. If evaporation is suppressed 
the advantages of a constant thermal leak^e factor are obtained by 
preventing convection. Recent investigations upon convection show 
how this may most advantageously be done. In adiabatic work there 
is little fear of convection, hence either very large temperature inter- 
vals or very large air gaps can be profitably employed. Incidentally, 
it is pointed out that the ordinary rule, that thermometric lag causes 
no error where only one thermometer is used, deserves careful interpre- 
tation, or else restatement, in the case of some thermochemical , de- 
terminations. R. B. S. 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 

SOCIETIES 

WASHINGTON ACADEMY OF SCIENCES 

At the meeting of the Board of Managers on January lo, 1919, 
it was voted to turn over the accumulated exchanges and misc^aneous 
publications owned by the Academy to the Librarian of the Smithsonian 
Institution, with the request that he first complete the files of the In- 
stitution where possible, and then distribute the remainder in what- 
ever manner will make the publications most useful to sdentific libraries. 

The following persons have become members of the Academy ance 
the last issue erf the Jo'drnae; 

Mrs. Agnes Chase, Bureau of Plant Industry, U. S. Department 
of Agriculture, Washington, D. C. 

Mr. John Bright FergusoI^, Geophysical Laboratory of the Carnegie 
Institution of Washington, Washin^on, D. C. 

Mr. Morris Hacker, District BiSlding, Washington, D. C. (Nomi- 
nated as Vice-President by the Washington Society of Engineers.) 

Dr. Ettgen W. Posnjaz, Geophysit^ Laboratory of lie Carnegie 
Institution of Washington, Wasto^on, D. C. 

Mr. SiEVBRT Aelen Rohwer, Bureau of Entomology, U. S. De- 
partment of Agriculture, Washington, D. C. 

Robert B. Sosman, Corresponding Secretary. 


THE ENTOMOLOGICAL SOCIETY OF WASHINGTON 

The 318th regular meeting of the Society was hddinthehaUof the 
Carnegie Institution, January 8, 1919. There were present 32 mem- 
bers and 5 visitors. 

The President read the following list of members of the Society who 
have been in the ndlitaty service; Captains D. L. Van D 3 ^, A. H. 
Jennings, J. D. Hood, E. H. Gibson, and G. F. White; Lieutenants 
W. H. White, L. H. Dunn, and E- W. Scott; Sergeant R. C. Shannon, 
and Privates Wm. Middeeton and C. A. Weigel, wlrile pr. 0. H. 
Basseches was m training camp at the agning of the armistice. Of 
these Captain A. R. Jennings has died in the service. The President 
appointed Dr. W. D. PiBRCB, Mr. August Busck, and Dr. A. G. 
BoviNG as a committee to draw up a memorial and prq>are a bibliog- 
raphy of Captain Jennings. 
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The regtdax program was as follows: 

E. R. Sasscbr: Hydrocyanic-acid gas and its use in Ike contort of 
insects. (Presidential address.) This paper dealt with the history 
of the use of hydrocyanic-add gas in the control of insects. Reference 
was made to its discover in 1872 by Schede and its early use as an 
insectidde in California in 1886 by D. W. Coquillett. Brief reference 
was made to the occurrence of hydrocyanic add in nature, indicating 
that in addition to its occurrence in the secretion of certain myriapods, 
it is also found m the seed, foliage, or bark of certain plants, thirty- 
odd plants being listed which contain the add in nature. 

After discussion of the preparation of hydrocpranic-add gas as used 
against insects, a brief history of its use against the following was 
given: Citrous Insects, Greenhouse Insects, Mill and Stored Product 
Insects, Nursery and Dedduous Fruit Insects, Household Insects and 
Sanitation, and Soil Insects. 

Brief mention was made of the effect of this gas on the germination 
of seed. Also the effect of the gas on insects and man was given con- 
sideration. 

The reading of the address was followed by lantern dides showing 
the development of the apparatus used in the fumigation of dtrous 
trees and the vacuum process of fumigating nursery stock and bale 
cotton. 

The address called forth a lively discussion. Mr. Schwarz stated 
that he had first used cyanide of potassium in his killing bottles about 
i868, and that he had seen it us^ as an insecticide for the protection 
of crops as early as 1879. ^ ^ small vineyard in Texas, the 

owner surrounding his vineyard with a belt of cyanide of potassium 
solution to protect it from the ravages of leaf-cutting ants. Immense 
numbers of the ants were killed in attempting to cross the poisoned 
ground. 

Dr. Quaintance recalled the remarkable activity in the development 
of insecticide work at about the time hydrocyanic-add gas was first 
used. Mr, Hutchison spoke of the experimentation with war gases as 
insectiddes and of the great success attending the use of some of them. 

As a possible explanation of the difficulty of killing certain insect 
larvae. Dr, Boving explained the mechanism of the dosing apparatus 
in the tracheae. 

Notes and exhibition of specimens: Mr. Schwarz commented on the 
fact that an Australian lady-bird beetle which has stood in the litera- 
ture as Vedalia koebelei Blackburn has never been described by Black- 
bum, but the preparato^ stages were described by Coquillett in such 
manner as to fix the spedes, wfich must, therefore, be known as Vedalia 
koebelei Coquillett. Dr. Quaintance mentioned the case of the recently 
described Californian apple Coleophora, which through delay in the 
publication of its description by Heinrich, its real au 1 ±Lor, and the de- 
scription of it in an economic paper by W. D. Volcke, must be known 
as Coleophora volckei Volcke, placing Mr. Volcke in the position of 
naming a spedes for himself. Other examples of this were dted by 
Dr. Howard, Mr. Schwarz, and Mr. Caud^. 

Mr. Hutchison exhibited photographs diowing method of rearing 
body lice for expdimental purposes. 

R. A- Cushman, Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

Captain Howard E. Aims, Medical Director, U. S. N., Retired, 
died on December 27, 1918. Dr. Ames bad been an officer in the Navy 
^oe 1875, and had been on the retired list since 1912. He served as 
medical officer on board the Bear, which rescued General Greely and 
his party in the Arctic regions. He was a member of the Biological 
Society. 

Mr. Andrew Braid, hydrographic and geodetic engineer of the 
U. S. Coast and Geodetic Survey, and chairman of the U. S. Geographic 
Board, died on January 3, 1919, in his seventy-third year. He was a 
native of Scotland, and had been in the service of the U. S. Government 
since 1869. He was chief of the instrument division for several years, 
and was in charge of the standard weights and measures of the United 
States during the years just preceding the establishment of the Bureau 
of Standards. 

Dr. Keivin Burns of the Division of Optics, Bureau of Standards, 
is absent on an extended trip abroad in connection with his scientific 
work. 

Col. G. A. Burreld, of the Chemical Warfare Service, returned to 
private chemical engineering work at Pittsbmrgh in January. He 
was called to Washington by the Bureau of Mines early in the war, to 
take charge of the r^earch organization that later became the American 
University Experiment Station of the Chemical Warfare Service. 

Mr. Axonzo Howard Cuark, curator of the division of history of 
the National Museum, and editor of publications at the Smithsonian 
Institution, died on December 31, 1918, in his sixty-mnth year Mr. 
Clark was bom at Boston, Massachusetts, April 13, 1850. He had 
been with the Smithsonian Institution since 1881. He was the author 
of several publications on the fishery industries of the United States, 
and was a frequent contributor to historical and genealogical periodicals. 

Dr. G. W. CoGGESHAUD has resigned from the Emergency Fleet 
Corporatioa and has returned to the Institute of Industrie Research. 

Dr. A. S. Cushman has been honorably disciiarged as Lieutenant 
Colonel, Ordnance Department, U. S. A., and has returned from Frank- 
ford Ar^al, Philadelphia, to resume his former duties as director of the 
Institute of Industrial Research. 

Mr, John Gaub, in charge of the laboratories of the Filtration Plant, 
has resigned to become Health Officer and Examiner of Foods at Mont- 
clair, New Jersey. 
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Dr. D. R. Harper, 3rd, physicist at the Bureau of Standards, 
and engaged in the personnel and emplo3mient work of the Bureau 
during the war, resigned at the dose of the year and has joined 
the st^ of the U. S. Bureau of Efficiency, where he will assist in the 
reorganization and expansion of the Internal Revenue Service. 

Mr. M. D. Hersey of the Bureau of Standards recently returned 
from an extended trip abroad. He spent several months in England, 
France and Italy, conferring with officials there in regard to the de- 
vdopment of aeronautic instruments. 

Professor A. S. Hitchcock, of the Bureau of Plant Industry, is 
chairman of the Conunittee on Nomendature of the Botanical Soaety 
of America. 

Mr. NeiI/ M. Judd, of the department of anthropology, Smithsonian 
Institution, has been appointed curator of American ar Aeology in the 
National Museum. 

Dr. Paul D. Merica, associate physidst in the metallurgical division 
of the Bureau of Standards, has resigned from the Bureau and is with 
the International Nickel Company at Bayonne, New Jersey. 

Dr. P. W. Merriee has resigned his position at the Bureau of Stand- 
ards to take up sdentific work at the Mt. Wilson Solar Observatory 
of the Carnegie Institution of Washington, at Pasadena, California. 

Professor C. K. Leith, professor of geology at the University of 
Wisconsin, and member of the Shipping Board, sailed for Prance early 
in January to join the American peace delegation. 

Dr. Waeeace CeEment Sabine, professor of physics at Harvard 
University, died at his home on November ii, 1918. He had been 
located in Washington during the war as Director of the Section of 
Technical Information of the Bureau of Aircraft Production. 

Professor T. T, Smith of the University of Kansas, who has been 
in charge of the work on optical instruments and the testing of optical 
glass at the Bureau of Standards for the past year, has returned to the 
University. 

Mr. H. F. Staeey, formerly professor of ceramic engineering at 
Iowa State College, joined the staff of the Bureau of Standards in 
December as metaUtugical ceramist. Mr. Staley had been engaged in 
war research at the Bureau since June, 1918. 

Eieut. D. L. Webster, formerly with the National Research Council, 
has returned to the department of physics of the University of Michigan. 

Dr. Edgar T. Wherry, of the Bureau of Chemistry, U, S. Depart- 
ment of Agriculture, has been appointed editor-in-chief of The American 
Mineralogist, Among the associate editors is Dr. W. T. SchaeeeR, 
of the U. S. Geologi^ Survey. 

Major F. E. Wright, of the Ordnance Department (formerly of the 
Geophysical laboratory, Carnegie Institution), has been dected presi- 
dent of the Optical Society of America. 
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APPARATUS . — An apparatus for growing crystals under con- 
trolled conditions. J. C. Hosxettbr, Geophysical Labora- 
tory, Carnegie Institution of Washington. 

Crystals, to be suitable for the study of the effects of pressure, 
must be perfectly developed and of comparatively large size. 
The criterion of perfect development, in this case, is not in the 
possession by the crystals of those rare faces that so delight 
the crystaUographer, but in the possession of maximum strength. 
In general, it may be said that the causes which diminish the 
transparency of those crystals that are normally tran^arent, 
also decrease the strength of the crystals. Perfect tran^arency 
in a crystal results only when the rate of growth is small and 
constant, or nearly so, throughout the entire growing period. 
Nontransparency in a crystal (except that due to the inclusion 
of foreign solids), is usually indicative of suddenly increased 
growth rate with the attendant development of cleavage planes 
and, frequently, inclusion of mother-liquor. For growing crystals 
that are suitable for pressure studies there is required, there- 
fore, apparatus in which all variables affecting rate of growth 
are under control. The degree of supersaturation in the mother 
liquor at any time determines the increment of growth;^ con- 
sequently, the conditions affecting supersatiuation — primarily, 

1 While this is generally true there are certain important exceptions which can- 
not be adequately explamed, at the present time. An interesting case is that of 
gypsum described by W'. J. FawcWTf Proc. Roy. 3 oc, Canada 7; 218. 1913* 
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temperature and evaporation — ^must be under definite control. 
Of lesser importance — ^but nevertheless, essential — are the di- 
rection of concentration currents, and the number of crystals 
which serve as nuclei for growth. When these variables are 
controlled it is not a difficult task to grow very perfect crystals 
of large ske. 

In this note we will confine ourselves to the growth of soluble 
substances from solution, and merely mention the growth of 
very slightly soluble substances in crystal form, which has been 
developed very thoroughly,® and the growth of crystals from 
melts.® 

Neglecting the effects of hydrostatic pressure, it may be said 
in general that there are four methods of producing super- 
saturation in a saturated solution and, hence, growth of a crystal 
immersed therein. In a solution saturated with respect to a 
certain crystal phase at a definite temperature we may produce 
supersaturation by (i) lowering (or, in rare cases, raising), 
the temperature, ( 2 ) allowing the solution to evaporate, (3) 
dissolving in this solution held at constant temperature, ex- 
tremely findy divided partides of the crystalline phase, or (4) 
adding another solvent in slight amount.* It is quite evident 
that a crystal-growing apparatus based on any, or a combination 
of all, of these prindples will be satisfactory if the variables are 
properly controlled, but in most of the crystal-growing devices 
described in the literature, the governing of some of the essential 
conditions has been left entirdy to chance. Practically, de- 
vices based on temperature change are easier to control and, 
probably, the most easily constructed. The apparatus finally 
developed and described bdow is based on this prindple. 

* Almost all methods for the growth of ‘‘insoluble” precipitates in crystal fonn 
are based on diffusion processes. For a discussion of the essential conditions see 
JOHNSTOK. Joum. Amer. Chem. Soc. 36: 16. 1914. 

* R. Nack^n has recently described apparatus for growing crystals from melts; 
but the crystal nucleus is supported on a wire which becomes enclosed by the crystal 
as growth proceeds. (Neues Jahrb., 1915, II, 145.) Such crystals are, for this 
reason, not suitable for pressure studies. 

* As alcohol to an aqueous solution of a sulfate. 
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To the essential conditions previously discussed we must 
add another if the crystal-growing process is to be continuous; 
namely, that the supersaturated solution must be given definite 
circulation over the nuclei to be developed. Recently a crystal- 
growing apparatus with controlled circulation has been patented 
by Eriiger and Finke.® In this apparatus the mother-liquor 
is saturated in one chamber and then passed into another chamber 
of lower temperature where deposition takes place on the crystal 
nuclei to be grown; the solution is then returned to the saturating 
vessel. This patent of Kruger and Finke furnished the basis 
for the apparatus described by Valeton® and the apparatus de- 
scribed below has been taken in part from that described by 
these investigators, but with numerous changes in details of 
construction. 

Essentially the apparatus consists of 2 thermostats (S and C 
in figures i and 2), connected by tubes, with the necessary 
stirring and circulating devices. The thermostats are filled 
with saturated solution of the crystals being studied. One 
thermostat — ^the “saturator’’ (S) — contains the crystals, which 
maintain the solution saturated; the other thermostat — the 
“crystallizer” (C) — is held at a slightly lower temperature 
and it is in this cell that growth takes place. The thermostat 
vessels are storage battery jars, 20 by 20 by 20 cm., with 25 
mm . holes drilled through the sides where necessary for the 
entrance of tubes. The thermoregulators’’ (shown at T and Ti) 
are filled with mercury, and operate, through relays, the 5-candle- 
power cylindrical carbon lamps (H and Hi) used as heaters. 
In the saturator the cooled solution stream flows over a heater 

® German patent No. 228246, a copy of which I have been unable to secure. 
A brief description of their apparatus is given in W. Voigt. Lehrbuch der Kristall- 
physik, p. 9, 1910. 

« J. J. P. Valbton. Ber. Sachs. Ges. Wiss. 67: 1-59. 1915. 

^ Attention may be here called to the threaded glass parts of the thermoregu- 
lators which carry the adjustable contacts. These threaded parts are small homeo- 
pathic vials (Whitall Tatum Co.) which have been drawn down and sealed to 
ordinary soft tubing. I have found their use advantageous in other cases where 
glass-to-metal connections are necessary. 
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(H) before striking any crystals. The stirrers are of silver. 
A coil of small lead pipe (W) serves as a water jacket for one of 
the tubes connecting the thermostats The openings (O and Oi) 
permit the removal of volunteer crystals, in case of accident, 
without disconnecting the entire apparatus; for a s imil ar reason 
the return tube is cut at (R) and the platinum gauze filter CB) 
may be detached. The entire apparatus is packed with felt in 
a large, wooden box. 

The degree of supersaturation of the solution entering the 
crystallizer may be controlled by adjusting (i) the temperature 
difference between the saturator and the crystallizer, (2) the 
rate of circulation between the two thermostats, and (3) the 
temperature and the rate of flow of the cooling water in the coils 
at (W). The difference in temperature between the satmator 
and the crystallizer that is permissible depends upon the change 
of solubility with temperature, and especially upon the extent 
to which the solution of a particular salt can be supersaturated. 
In the case of the alums, for instance, solutions containing salt 
equivalent to 15 per cent supersaturation may be handled with- 
out causing precipitation, but on the other hand the change 
of solubility with temperature is fairly large. Practically, 
therefore, a temperature difference of 0.3° to 0.5° was foimd 
to give good growth. 

With other materials, however, this difference might be too 
large and if so there would result a period of excessive growth, 
or a shower of volunteer crystals that would ruin the crystals 
being developed. No measurement of the actual rate of transfer 
of solution from one thermostat to the other was made The 
rate of stirring must obviously be kept constant while crystals 
are being grown. If the room in which the apparatus is placed 
is subjected to large temperature fluctuations it is necessary 
to maintain the temperature of the water in the cooling coils 
at the same temperature as that of the ciystaHizer. 

The course of the drculating solution is as follows: The 
solution comes into the saturator through tube (R), flows over 
the heating lamp (H), the hot stream striking the feeding crystals 
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and becoming saturated. Before the solution returns to the 
crystallizer it must pass down between more crystals into the 
platinum gauze filter at (F); thence to the crystallizer. En 
mite it is cooled slightly in the water-jacketed tube before enter- 
ing the crystallizer. The supersaturated current now passes 
over the nuclei at (N) and excess material deposits thereon. 
The cooled solution returns through (R) to the saturator. The 
currents caused by the auxiliary stirring (A and Ai) in the thermo- 
stats are such as to assist the main circulation between the two 
thermostats. 

Instead of depending upon chance for the formation of nuclei 
it is far better to introduce small well-formed crystals which 
have been developed elsewhere. If a warm saturated solution 
is allowed to cool overnight there wiU usually be some small 
crystals that are suitable as nudei. Where these crystals have 
been in contact with the bottom of the vessel there is under 
each one a small terraced cavity. This has been brought about 
partly by the fact that mother-liquor did not have access to the 
bottom surface during growth. While growing in this manner 
the original nudeus may be lifted several millimeters. When 
these crystals are placed in the crystallizer they should be oriented 
with the cavity on top. New growth will soon build up the top 
to a plane surface. Each day the crystal should be turned 
over so as to avoid the development of deep hollows under- 
neath. The crystals should likewise rest on plane glass and not 
on the irregular bottom of the battery jar. Before introducing 
crystals into the crystallizer it is advisable to dip them into 
a saturated solution (as in the saturator) and wash off loose 
partides. 

It has been mentioned that the rate of growth is also influenced 
by the number of nudei. With a temperature difference of 
o.3-o.5° and 5 nuclei present the rate of growth for potash 
alum was about 1.0 mg. per hour per sq. cm. of crystal surface 
exposed to the solution. 

The surface of the solution in the saturator was uncovered 
and evaporation allowed to take place — ^thus hdping in the 
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maintenance of saturation. In the crystallizer, however, the 
only supersaturation desired is that under control and conse- 
quently evaporation was prevented by a layer of kerosene 
floating on the solution. Crystals introduced into the crystallizer 
were lowered beneath the oil in a bottle. 

It is of great advantage to have large crystals or aggregates of 
crystals for use in the saturator to serve as “raw material” 
from which to grow well developed crystals. In the case of the 
alums, for instance, large-sized material is commercially available, 
and such is the case with numerous other salts. Where material 
can not be secured in large partides the finely-divided salt must 
be used and as this can not be piled up in the saturator like 
large-azed material, recourse is 'had to the use of small bags 
suspended in the solution and refilled from time to time with the 
fine crystalline material. Under the influence of the oscillating 
temperature obtaining in the solution in the saturator such 
finely divided material soon coalesces into aggregates which are 
entirely suitable for this purpose. 

If the presence of fine thread or of wire is not objectionable 
in the final crystal the nudeus may be su^ended in the solution 
by such means. This avoids the necessity of turning the oystal 
each day and also gives a more symmetrical crystal. Crystals 
grown around such suspensions are usable for a great variety 
of purposes but as pointed out previously such crystals are not 
suitable for pressure investigations. 

Even though the crystals grown under thoroughly controlled 
conditions appear beautifully dear and perfect to the unaided 
eye, microscopic examination^ frequently reveals the presence 
of minute indusions, the causes of which require fmther study. 
Also, it may be mentioned here that “isotropic” crystals grown 
under these conditions often show zones of local strain when 
examined in polarized light.® 

An observation may be recorded here regarding the development 
of faces on alum crystals. As normally grown sudi crystals 

8 Very kindly made by my colleague Dr. H. E. Mbrwin. 

* Wright, F. E., and HosTBTTitR, J. C. Jouni. Wash. Acad, Sd. 7: 415, 1917. 
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form flattened octahedra, diagrams of which are shown in position 
in the sketches of the crystallizer. Ordinarily such crystals 
are nearly free from any of the related faces such as the cube 
and the rhombic dodecahedron; the cube face may be observ’^ed 
but it is always small and the rhombic dodecahedral face is 
even less devdoped. Such is the case when the crystals are 
grown continuously without periods of solution intervening. 
If, for any reason, the growth of the crystal is stopped and solu- 
tion of the crystal takes place the edges of the crystal are rounded 
in the initial stages of dissolution: when conditions are changed 
so that growth recommences the rotmded portion of the crystal 
flattens during growth and in so doing a rhombic dodecahedral 
face is devdoped. During the future growth of the crystal 
this new face is very prominent and in none of the cases observed 
here has it ever filled out to form the sharp edge of the original 
octahedron. A similar devdopment of the rhombic dodeca- 
hedral face can be induced if the edge of the octahedron is re- 
moved by other means and the crystal then allowed to grow. 
The "repair” of crystals during growth is thus seen to follow 
along the lines of least resistance. 

It should be emphasized here that the mere fact that all es- 
sential conditions are under control in the crystal-growing ap- 
paratus described above, is not, in itself, a guarantee that any 
salt can be made to form large crystals under the conditions 
obtaining therdn. Some salts may be readily enough crystal- 
lized in large wdl-formed crystals — other salts under the same 
conditions will yidd a multitude of small crystals rather than 
a few large ones. Potassium alum and sodium chlorate were 
grown very successfully in this apparatus but expenments with 
ammonium chloride yidded only a mass of fine, femlike crystals 
instead of growth on certain crystals which had been introduced 
as nudd. In this case the effect was not caused by incorrect 
adjustment of conditions for these fine crystals appeared and 
increased in size in the crystallizer, thus diowing that con- 
ditions were optimum. On several occasions all crystals except 
one were carduUy removed from the caystallizing chamber 
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and. circulation of liquid continued, but here again, instead of 
deposition taldng place on the remaining crystal, other nudei 
were formed devdoping later into the usual femlike growths. 
These experiments were repeated under a suflBident variety of 
controlled conditions to show that the phenomenon was con- 
nected with certain relations at present beyond our control. 

The literature is filled with observations on the effect of 
fordgn material on crystal habit but experience gathered in the 
course of these investigations has shown that, in general, such 
effects have been largdy overestimated, at any rate in certain 
classes of salts. Furthermore, it will be shown in future publica- 
tions that there is nothing mysterious about the action of addi- 
tion products in many cases, but that a simple explanation based 
on wdl-known physico-chemical laws will suflSce. 

The crystals grown in this apparatus have been used in the 
study of certain problems connected with the linear force of 
growing crystals,^® and also the effects of nonuniform pressiure 
on solubility.^^ The publication of other results, ddayed by the 
war activities of this Laboratory, will be made as opportunity 
permits. 

CRYSTALLOGRAPHY. — X-ray analysis and the assignment 
of crystals to symmetry classes. Alfred E. H. TutTon, 
Past President of the Mineralogical Sodety of London. 
(Communicated by R. B. Sosman.) 

A memoir on the above subject is contributed by Edgar T. 
Wherry to a recent issue of this Journal^ which calls espedally 
for some notice, inasmuch as it is largdy based on certain mis- 
conceptions* regarding fundamental crystallographic facts, of 
a type which is becoming increasingly common among the 
growing number of workers and writers on this new and Mghly 
inviting subject of X-rays and crystals. The memoir in question 
assumes that evidence has been accumulating that the crystals of 

10 BSCESR, G. F., and Day, A L. Journ Geol *4: 313-333. 1916. 

“ HostrsnSR, J. C. Journ Wash. Acad. Sd. 7: 79 1917 Wright, F. E , 

and HoaTBTTSR, J C. Op. dt 7: 405. 1917. 

1 This JotFRNAL 8: 480. 1918. Compare also Dr. Whbrry’s leply, p. 99. 
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certain substances — ^notably the diamond, sylvine (potassium 
chloride), pyrites and its analogues hauerite and cobaltite, 
the nitrates of barium, strontium, and lead, and the rutile group 
of minerals — are in a sense intermediate in structure between 
two crystal classes, possessing some of the attributes of each. 
It is advocated that the difficulty be overcome in each of such 
cases by assigning the substance to both classes. It is further 
assumed that they are usually cases of weak hemlhedrism. 

The diamond, although formerly classed as hexaMs-tetra- 
hedrally hemihedral (class 31), has for some time now, largely 
owing to the very definite proof of the absence of electric polarity 
by Van der Veen, been considered as holohedral, that is, as 
belonging to the class 32 of full cubic symmetry. This view has 
now been ^own to be correct by W. H. and W. h. Bragg, as the 
result of their X-ray structural analysis. The memoir of Dr. 
Wherry, however, regards the Bragg result as indecisive, and as 
indicating holohedtism as a whole, but a tetrahedral structure- 
unit symmetry. Etch-figures are considered to bring out partial 
symmetries when equilibrium is delayed, and m the case of 
diamond they are at first hemihedral, but given longer time 
become eventually holohedral. It is concluded in the memoir, 
therefore, that while the system of diamond is cubic, and the 
space-lattice structure is holohedral, the structure-unit is tetra- 
hedral. 

In the case of sylvine, also found holohedral by X-ray analysis, 
the etch-figures indicate gyrohedral (class 29) symmetry, which 
it is assumed is due to the difference in atomic volume of potas- 
sium and chlorine; whereas in the case of ^rock-salt, wluch is 
undoubtedly holohedral (of class 32), although class 29 etch 
figures are also produced at first, they are subsequently further 
developed into class 32 figures and this is supposed to be due to 
the near equality of the atomic volumes of soffium and chlorine. 
The memoir finally concludes that this family of halides belongs 
to the cubic s)retem, with a holohedral space-lattice and a gyro- 
hedral structure-unit. 
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With r^ard to the pyrites family of minerals, it is considered 
that the Bragg results indicate that the space-lattice and crystal 
molecules of pyrites, FeS2 aud hauerite, MnSj, in which the two 
negative atoms are alike, possess pyritohedral (pentagonal dodeca- 
hedral) symmetry, and those of cobaltite, CoAsS, in which the 
two negative atoms are different, “tetartohedral” symmetry. 
As some specimens of pyrites exhibit tetartohedral traits it is 
further assumed that the structure of pyrites is Fe = S = S, 
the two sulphur atoms being of different valenigr, tetradic and 
dyadic. The whole group is described as belonging to the cubic 
system, with a “pyritohedral space-lattice” (sic, particularly 
definitely stated in the table given), and a tetartohedral structure- 
unit 

Barium nitrate and its strontium and lead analogues are 
similarly assumed, from the X-ray results of Nishikawa and 
Hudinuki, to have “pyritohedral space-lattices,” with a tetarto- 
hedral structure-unit in each case. 

Rutile, TiOs, is assumed to be of holohedral habit, but to 
exhibit occasionally trapezoidal hemihedrism. The somewhat 
contradictory X-ray results of Vegard and of Williams are dis- 
cussed, and the views of Williams adopted as more reasonable. 
The conclusion is that the system is tetragonal, the space-lattice 
holohedral, and the structure-imit trapezoidal. 

The final conclusion in the memoir is that both the symmetry 
of the space-lattice as a whole, and that of the crystal molecules 
or unit cells of the space-lattice, may find expression in significant 
physical features, and that both should be taken into account in 
the assignment of crystals to symmetry classes, even although 
it may be necessary at times to state two different classes for 
the same crystal. 

With the first portion of this conclusion all can agree, provided 
(as is not stipulated in the memoir) that it be kept dear as a 
fimdamental fact, that it is the space-lattice that determines 
the ciystal-system and the obedience to the law of rational 
indices, while it is the structural detail (represented only by 
a point in the space-lattice) that determines which particular 
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one of the 32 dasses of possible crystal-S3rmm,etry is developed. 
But with respect to the last sentence of the condusion — ^that a 
crystal can be allocated to two different dasses — ^it is absolutdy, 
fundamentally, wrong and entirdy unacceptable. There is 
no more accurate sdence than modem crystallography. The 
old method of regarding crystal-dasses as holohechral, hemi- 
hedral (half the faces suppressed), and tetartohedral (three- 
fourths of the possible faces suppressed) is gone forever, and 
crystal classMcation is now at length sdentificaHy and veiy 
definitdy based on the possession of fixed dements (planes and 
axes) of symmetry, every one of the 32 possible dasses of crystals 
having its own absolutdy unique dements of symmetry. A 
stracture dther possesses the dements of symmetry of a particular 
class or it does not; there is no halfway house. 

The greatest misconception in the memoir, however, and one 
which probably gave rise to that just alluded to, is that a space- 
lattice can be an)rthing but holohedral (e. g., the frequent refer- 
ence in the memoir to the pyritohedron as a space-lattice). 
Now there are only fourteen space-lattices, those which Bravais 
verified and immortalized after their original discovery by 
Frankenheim, and all are essentially and necessarily holohedral 
(retaining this term as a convenient one to express full systematic 
symmetry). They are too simple to be anything eke. The 
three bdonging to the cubic system (for aU the seven s3rstems 
are represented among the fomteen) are those having for their 
dementary celk the cube (No. i), the centered cube (No. 2) 
which is a cube with a point at the center, and the face-centered 
cube (No. 3), a cube with a point in the center of each face. 
If each point of these lattices be imagined to represent a poly- 
hedron of such a nature that when an unlimited number are 
packed together in contact, space is completdy filled, the No. i 
polyhedron would be a cube, which is obviously a triparalldo- 
hedron; that of No. 2 space-lattice would be a cubo-octahedron, 
an octahedron so far modified by faces of the cube that each 
octahedral face has the shape of a regular hexagon, the solid 
being a heptaparalldohedron; and that of No. 3 would be a 



98 tutton: x-ray anawsis and assignment or CRYSTAI,S 

dodecahedron, a hexaparallelohedron. The point-systems cor- 
responding to the crystal-classes of lower than the full systematic 
symmetry are not space-lattices at all, but Sohncke reg^ular 
point-systems, including in many cases those involving enantio- 
morphism added by Sdionflies, Fedorov, and Barlow, and later 
also accepted by Sohncke. The pyritohedron, the “hemi- 
hedral” pentagonal dodecahedron, referred to in the memoir 
and its accompanying table as a space-lattice, is not a space- 
lattice, but a Sohncke regular point-system; indeed Sohncke 
allocates three of his point-systems. Nos. 54, 55, and 56 to the 
pjnites class 30. As the space-lattice is always holohedral, 
the suggestion made in the memoir, if carried out, would result 
in every substance belonging to a class other (lower) than the 
holohedral class of the system to which it conforms being rele- 
gated not only to that subsidiary (“hemihedral” or “tetarto- 
hedral”) class in question, but also to the holohedral class of 
the system, that is, to two different classes of the same system, 
possessing quite different elements of symmetry, which is absurd. 
For all structures, even “tetartohedral” ones, have a fundamental 
space-lattice, about the nodes of which their detailed atomic 
stnicture may be considered as grouped. Indeed, the point- 
systems may quite legitimately be, and often are, considered 
as composed of interpenetrating space-lattices. 

It cannot, therefore, be made too dear that the space-lattice 
only determines the crystal system and not the class. It ex- 
presses the grosser crystal structure, that of the molecules or 
polymolecular groups, each point or node of the lattice repre- 
senting a single molecule or the small group of two, three, four, 
etc., molecules necessary to the complete crystal structure. 
It is the whole structure, including the detailed arrangement 
of the atoms in the molecule or group, which determines the dass. 
Pyrites most certainly belongs to the dyakis dodecahedral dass 
30, of which the pentagonal dodecahedron is a prominent form, 
the third of the five cubic classes, but its space-lattice is No. 3, 
the centered-face cube, just as in the case of the alkah chlorides. 
Hs.uerite is amilar, but there is some evidence from the Braggs’ 
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results that cobaltite may belong to the tetrahedral pentagonal 
dodecahedral class 28, hke barium nitrate. The Braggs have 
shown that the alkali chlorides are most probably holohedral. 
The rutile group requires much more research, there being no 
satisfaction in building conclusions on contradictory data. 

The present moment is a dangerous one in the history of the 
use of X-rays in unravelling crystal structure. No more specula- 
tions built on incorrect crystallography are desirable. What 
is needed is solid, well and carefully carried out, prolonged and 
thoroughly tested experimental work, and a complete revision 
of the principles on whidt results are based, with the view of 
rendering them both more fuUy trustworthy and of definite 
application. Two fundamental problems are especially urgently 
requiring solution before much further progress can be made, 
namely, the falling away of reflection intensity with increase 
of order of spectrum, and the quantitative relationship between 
reflection-intensity and atomic number or atomic weight (mass). 
While we cannot hope to get much more information from the 
Laue radiograms than at present, the Bragg spectrometric 
method is full of promise, and when these root-problems are 
satisfactorily settled much more progress may be eiqiected to 
be made with the finer details of the structure of the more im- 
portant oystalline substances. 

Yelverton, S. Devon, England. 

November 18, 1918. 

CRYSTALLOGRAPHY, — Reply to Dr. Tutton’s discussion of 
the assignment of crystals to symmetry classes. Edgar T. 
Wherry, Bureau of Chemistry. 

In the course of his scientific study of natural phenomena, 
man is continually devising pigeon-holes into which to distrib- 
ute given series of facts. Nature, however, often refuses to be 
pigeon-holed, and persists in bringing to the attention of all 
who will stop, look, and listen numerous facts which do not 
accord with the classification in vogue at a particular time. 
New dassifications must therefore be continually worked out 
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as science advances; and this may be just as true in crystal- 
lography as in any other field. In the paper under discusaon* 
the writer endeavored to point out an instance where changes 
in view-point appear to be needed, and is glad to take up Dr. 
Tutton’s criticism (preceding article) and to show that the 
difference between us consists chi^y in our willingness to admit 
the above proposition. Dr. Tutton’s summary of the paper in 
question is reasonably adequate; but whether that paper is 
based on “misconceptions regarding fundamental facts” must 
be decided by the reader of the present discussion. 

The magnificent research on diamond by Fersmann and 
Goldschmidt^ has surely establi^ed for all time the fact that 
tetrahedral (Class 31) features are often shown by both the 
habit and the etch figures of this mineral. The proof of the 
absence of electric polarity by Van der Veen, which no attempt 
has been made to discredit, can not alter that fact. What 
is needed is an explanation of the apparent discrepancy, and that 
is what the writer endeavored to supply. The structure of the 
mineral having been established to the satisfaction of all con- 
cerned by the Braggs, the writer saw therein a way to account 
for the difficulty, for the structure as a whole, with which the 
electric polarity is presumably connected, is admittedly holo- 
hedral (Class 32) while the symmetry of the unit cells is tetra- 
hedral (Class 31), which is reflected in the habit and etch-figures. 
In other words, the writer accepts the correctness of the work 
of all the authors, whereas those by whom diamond “has for 
some time now . . . been considered as holohedral” must ignore 
or discredit the work of Fersmann and Goldschmidt, as well 
as overlook the significance of the Bragg demonstration that the 
symmetry of the unit cell of diamond is less than that of the 
structure as a whole. The last sentence of the writer’s con- 
clusion, which Dr. Tutton considers “absolutely, fundamentally 

‘ This JouKNAi. 8: 480. 1918. 

^ Throtigh the writer's failure to correct proof of his paper the title of the work 
by these authors was given as "Diament" instead of ''Diamant." Also, the heading 
of the last double column of the table idiould, of course, read "atomic." 
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wrong and entirely unacceptable” is, as the writer endeavored 
to show, a direct corollary to the Braggs’ work. And since 
Dr. Tutton elsewhere in his discussion accepts the results of the 
Braggs, it seems evident that he does not appreciate the writer’s 
viewpoint at all. 

The writer made no attempt to revive the “old method of 
regarding crystal classes as holohedral, hemihedral, and tetarto- 
hedral,” but merely used such terms, following Dana, as con- 
venient, brief designations of certain sy mm etry classes. None 
of his conclusions would be altered were the classes to be referred 
to by numbers or by any other method. Nor has he denied that 
“every one of the 32 possible classes has its own absolutely 
unique elements of S3nmmetry” or that “a structure [as a whole] 
either possesses the dements of symmetry of a particular dass 
or it does not.” 

It certainly seems inconsistent in Dr. Tutton to assert that 
“there are only fourteen space-lattices,” in the same paper in 
which he accepts the correctness of the Braggs’ work on diamond. 
For the structure they assign to that mineral, though not in- 
cluded among Bravais’s fourteen, is, according to the criterion 
used by Dr. Tutton in his discussion, a space-lattice. Each 
point of this structure may be “imagined to represent a poly- 
hedron of such a nature that when an imlimited number are 
packed together in contact, space is completdy filled.” In 
this case the polyhedron is a regular tetrahedron, so far modified 
by faces of the rhombic dodecahedron that each tetrahedral 
face has the shape of a regular hexagon.® X-ray studies have 
shown, moreover, similar lattices to exist, as for instance a tri- 
gonal one in bismuth. How many others may be discovered 
by subsequent research the writer would not venture to pre- 
dict, but he certainly would not claim that our present knowledge 
is complete and final in this (or any other) respect. 

As far as p3rrite is concerned, the underljdng structure is 
admittedly not a simple space-lattice, but compound, or com- 

* Compare Adams. Note on the fundamental polyhedron of the diamond lattice^ 
This JouRNAi, 8: 240. 1918. 
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posed of two interpenetrating simple ones. The disagreement 
over this point, therrfore, is merdy a matter of definition of terms, 
Dr, Tutton preferring to use “interpenetrating point-system” 
for what the writer would call a “compound space-lattice.” 
Substitution of the one term for the other would not alter the 
conclusions reached in the original paper to the slightest degree. 
It should be noted, further, that the view that molecules rather 
than atoms occupy the points or nodes of space-lattices has been 
rather definitely disproved by the very X-ray study of crystals 
which started the present discusaon. 

To summarize: in the paper under discussion, the writer 
assembled the data for a number of crystals, in the assignment 
of which to symmetry classes one method of study gives results 
which conflict with those of other methods of study. He presented 
an interpretation of the rdations whidi appeared to him capable 
of reconciling these discordant restflts, involving the new con- 
ception that crystals may belong to one symmetry class with 
respect to some properties and to another class with respect 
to other properties. Dr. Tutton apparently feels that the 
present views of crystallography are adequate to explain all 
past (and future) crystallographic observations. Rather than 
recognize that diamond, pyrite, etc., belong simultaneously to 
two different classes, depending on what property is considered, 
he prefers to ignore observations which do not accord with the 
one of these symmetry dasses which for one reason or another 
he wishes to accept for each substance. In diamond, he overlooks 
the Class 31 habit and etch-figures, in pyrite the Class 28 habit 
and dectrical phenomena, and so on. The writer does not 
believe that ignoring results which do not suit a preconceived 
theory is the proper sdentific spirit, and prefers to modify or 
revise current ideas when necessary to explain undeniable ob- 
servational facts, even thoi^h this may lead to his being accused 
of putting forward “speculations built on incorrect crystal- 
lography.” 



ABSTRACTS 


Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors 
The abstracts should conform in length and general style to those appearing in 
this issue. 


PHYSICS. — TJie conditions of calorimetric precision- Walter P. 
White. Joum. Amer. Chem. Soc. 40 : 1872-1887. December, 
1918, 

In a calibrated calorimeter practically all the errors come in tem- 
perature measurement, and the most, though often not the greatest 
of these come in the “cooling correction/* that is, the determination 
of the effect of the thermal leakage between calorimeter and en\dron- 
ment. This thermal leakage is analyzed into its factors. R. B. S. 

INORGANIC CHEMISTRY. — The place of manganese in the periodic 
system. F. Russell v. Bichowsky. Joum. Amer. Chem. Soc. 40 : 
1040-1046. July, 1918. 

The older arguments placing manganese in the seventh group of 
the periodic system (i. e., giving manganese a normal valence of 7) now 
appear open to question. On the other hand there are 12 different 
lines of argument based on pturdy chemical relationships which indi- 
cate its position in the eighth group. This conclusion is also in accord 
with the more decisive reasoning based on atom color presented in 
a previous paper. An improved form of the periodic table, showing 
the relations of the eighth and rare earth groups to the rest of the 
periodic system, is presented. F. R. B. 

INORGANIC CHEMISTRY. — The melting points of cristobalite and 
tridymite. J. B. Ferguson and H. E. Merwin. Amer. Joum. 
Sd. 46: 417-426. August, 1918. 

The mdting point of cristobalite has been redetermined and fotmd 
to be 1710 10® C. This value is consistent with the experimental 

evidence which was obtained in a study of a portion of the ternary 
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system Ca0-Mg0'-Si02 and which had caused the earlier investiga- 
tions to be viewed with suspicion. Tridymite is imstable at its * melting 
point and this unstable melting occurs at 1670 =t= 10®. Artificial 
tridymite made from quartz could not be melted owing to the rapidity 
of the tridymite-cristobaKte inversion, but a sharp melting was ob- 
tained with natural material. Since this unstable melting point is 
below that of cristobaUte, there can no longer be room to doubt that 
cristobalite is the high temperature form of silica. R. B. Sosman. 

GEOLOGY. — Asphalt deposits and oil conditions in southwestern Arkan- 
sas, Hugh D. Misbr and A. H. Purduk. U. S. Geol. Survey 
Bull. 691-J. Pp. 271-292, with maps. 1918. 

There are seven asphalt deposits in Pike and Sevier counties, 
Arkansas. The asphalt occurs in the Trinity formation of Lowe, 
Cretaceous age which rests on upturned edges of Carbbniferous limestone 
and sandstone. Doubtless the asphalt is a residue of crude petroleum 
whose lighter and more volatile parts have escaped by evaporation. 
This petroleum is believed to have been derived from the Carboniferous 
rocks underlying the Trinity formation, near the base of which the 
asphalt is found. The geologic structure is not favorable to accumula- 
tion of petroleum, and the few wells that have been sunk for oil have 
not found it in commercial quantity. R. W. Stonb. 

GEOLOGY. — Italian leticitic lavas as a source of potash, Henry 
S, Washington. Met. and Chem. Eng. 18 : 65-71. January 
15, 1918. 

This paper attempts an evaluation of the total amount of potash 
that is present in the lavas of the six chief Italian volcanoes along the 
west coast that have erupted leucitic lavas, which are therefore high 
in potash. 

It is considered that in these volcanoes Italy possesses one of the 
largest if not the largest of the visible supplies of potash known to 
exist. Some other silicate rock sources of potash are briefly discussed, 
especially the Leucite Hills in Wyoming and the belt of glauconite 
that extends from New Jersey into Virginia. R. B, S. 

MINERALOGY. — Augite Jrofn Siromholi, S. Kozu and H. S. Wash- 
ington. Amer. Joum. Sci. 45 : 463-469. June, 1918. 

This paper records the optical characters and chemical composition 
of the augite crystals that were being thrown out of the volcano of 
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Stromboli during the visit of A. I,. Day and the authors in August 1914. 
Analyses of the lavas are also given. The augite is shown to be of a 
conunonly occurring type. The paper is part of an investigation on 
the augites and other pyroxenes of Italian and other localities. 

H. S. W. 


VOLCANOLOGY. — The representation of a volcano on an Italian 
renaissance medal. H. S. Wasbongton. Art and Archaeology 
7 : 256-263. July-August, 1918. 

This paper describes a lead medal of Leonello Pio, Count of Carpi, 
which dates from the beginning of the sixteenth century. The re- 
verse represents a volcano in violent eruption, and it is shown that this 
commemorates almost certainly an eruption of Vesuvius in 1500, 
concerning the actuality of which there has existed considerable doubt. 
If so, this is the earliest known representation of Vesuvius in eruption. 

H. S. W. 

ENTOMOLOGY. — Comparative morphology of the order Strepsipteras 
together with records and descriptions of insects. W. Dwight 
FiBRCS. Proc. U. S. Nat. Mus. 54 : 39(1-501, pis. 64-78. 1918. 

This article comprises the second supplement to a monographic 
revision of the order Strepsiptera published as Bulletin 66 of the United 
States National Museum. It contains additional biological studies 
on the occurrence of parasitism by these insects, and a review of all 
literature on the order which has been published since the first supple- 
ment. The leading feature of the artide is the study of the com- 
parative morphology of the order, tradng the modification of the various 
portions of the thoradc structures espedally throughout the group. 
It is shown that the prescutum of the metathorax from being a trans- 
verse separate piece moves backward into the scutal area in the form 
of a triangular piece, and in successive modification tends to supply 
the scutum and approach, and even push backward the scuteUum. 
It is shown that the changes in the thoradc structure can be coordinated 
with the antennal and wing structures which have previously been used 
for separating the families and genera. A more complete argument 
as to the reasons for separating the group as an order is presented to- 
gether with a set of five rules for the formation of an insect order. 
A number of new spedes and genera are described and illustrated, and 
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the article also contains a large list of new host records and a bibliog- 
raphy of recent works. W. P. D. 

ENTOMOLOGY. — Medical entomology a vital factor in the prosecution 
of the War. W. Dwight PmacB. Proc. Ent. Soc. Wash. 20: 
No. 5. Pp. 91-104. October 3, 1918. 

The author brings out in this article the importance of entomo- 
logical work in the study of diseases showing that the entomologist, 
parasitologist, and physician are all needed to work out their par- 
ticular phases of the problems of disease transmission. Seven t3npes 
of relationships of insects, disease organisms, and vertebrate hosts are 
defined. Various types of transmission of disease organisms by in- 
sects are also illustrated. The author brings out especially the im- 
portance of insect-transmitted diseases to armies and finally mentions 
a number of problems which still remain to be solved. W. D. P. 

ANTHROPOLOGY. — Kutenai tales. Franz Boas, together with 
texts collected by Alexander Francis Chambbria.in. Bur. Amer. 
Ethnol. Bull. 59. Pp. 387 

This comprises 77 texts in the Kutenai Indian language with English 
translations, 25 with both interlinear and free translations. Forty-four 
were collected in 1891 by the late Prof, Alexander F. Chamberlain of 
Clark University, the remainder by Professor Boas in 1914. They 
are followed by 32 pages of Abstracts and Comparative Notes and 
Kutenai-English and EngHsh-Kutenai vocabularies. Kutenai con- 
stitutes one of the smaller linguistic stocks, Kitunahan, and embraces 
but two closely related dialects. The material is therefore of unusual 
value to the student of American languages, while the comparative 
notes render it equally important to the folklorist and those interested 
in comparative mythology. J. R, Swanton, 

APPARATUS. — Calorimetric methods a^id devices. Walter P. White. 
Joum, Amer. Chem. Soc. 40 : 1887-1900. December, 1918. 

In this paper various forms of jacket covers (and of stirrer mountings) 
are described and compared. R. B. S. 

APPARATUS. — Some points regarding calorimeter efficiency. Walter 
P. White. Joum. Franklin Inst. 186:279-287. September, 1918. 

This discussion has special reference to the precision required and the 
conditions prevalent in commercial work. R. B. S. 



PROCEEDINGS OP THE ACADEMY AND AFPIEIATED 

SOCIETIES 

WASfflNGTON ACADEMY OP SCIENCES. 

The Board of Managers met on January 27, 1919. A budget for 
the year was adopted, renewing the appropriations for 1918 with minor 
changes. A revision of the Standing Rules of the Board, as recommen- 
ded by the Executive Committee, was adopted. The following appoint- 
ments were announced: Members of Esecutive Committee, Paul 
Bartsch and Wai.TER T. Swn^Gi,®; Committee on Membership: 
T. WAYI.AND Vaughant, chairman, G. N. Coi,i,iNS, Walter Hough, 
H. E. Mbrwin, and E- T. Wherry; Committee on Meetiugs: E. 
W. Shaw, chairman, C. W. Kanolt, H. H. Kmball, H. E. Shantz, 
and S. S. VoorheES; Editor of Journal for term 1919-1921, Robert 
B. SOSMAN. 

The following persons have become members of the Academy since 
the last issue of the Journal: 

Mr. Edward Chester Barnard, International (Canadian) Boundary 
Commissions, 719 Fifteenth Street, Washington, D. C. 

Dr. Samuel Jackson Barnett, Department of Research in Terres- 
trial Magnetism, Carnegie Institution of Washington, Washington, 
D.C. 

Robert B. Sosman, Corresponding Secretary. 


GEOLOGICAL SOCIETY OF WASHINGTON 

The 327th meeting of the Society was hdd in the lecture room of 
the Cosmos Club on April 10, 1918. The regular program was as 
follows: 

Edwin Kirk: Paleozoic glaciaiion in souHneastem Alaska. During 
the past fidd-season a tiUite of Silurian age was found in south- 
eastern Alaska. Kosciusko and Heceta Islands, where the best Silurian 
gigpjgt deposits are to be found, lie between 55® and 60“ north latitude 
and 133° and 134® west longitude. These idands are situated on the 
west coast of Prince of Wales Island, toward the northern end. The 
most favorable locality for an examination of the conglomerate is in 
the large bay about midway on the north shore of Heceta Island. 
The coast here is well protected from storms and there is a continuous 
outcrop of the limestone underlying the conglomerate, the conglomerate 
it sel f, and the overlying limestone. In places the conglomerate is well 
broken down by weathering, making the collection of pebbles and 
boulders an easy matter. As exposed, the beds outcrop along the shore 
.between tide levels, and give an outcrop perhaps 2,000 to 3,000 
feet in length. 
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The glacial conglomerate is under- and overlain by fossiliferous 
marine limestones. The succession of beds is dearly ^omi and un- 
mistakable. The strata as a whole in this region are badly disturbed, 
and as is the case throughout southeastern iiladra, contacts are very 
poorly shown, bdng, as a rule, indicated by an indmtation of the shore- 
line and a d^ression running back into the timber. At present, 
therefore, although the idative positions of stratigraphic units are 
obvious, the character of the unconformity and tiie nature of the 
passage beds are poorly known. 

The limestone series overlying the conglomerate carries a rich Con- 
chidiwn fauna. In certain thin beds tire rock is almost wholly made 
up of the brachiopods. This fauna appears to be identical with that 
of the Meade Point limestone of the Wrights and Elindle. The t3rpe 
exposure of the latter is at the northern end of Kuiu Island. At the 
base of the limestone at this locality is a boulder bed which I bdieve 
to be glacial in origin and to be correlated with the conglomerate of 
Heceta. The limestones below the conglomerate likewise carry a 
rich fauna consisting of pentamordds, corals, and gasteropods. The 
general aspect of both faunas seems to place them as approximately 
late Niagaran in age. 

The conglomerate itself has a thiplrTn>sR of between i,ooo and 1,500 
feet. In the main the conglomerate appears to consist of heterogeneous, 
unstratified, or poorly stratified material. Rardy lenticular bands 
of cross-bedded sanc^tone occur in the mass. These are dearly 
water laid and indicate current action. 

The boulders in the tiDite range in aze up to two or three feet in 
length, as seen. The boulders consist of greenstone, grayvracke, 
limestone, and various types of igneous rocks. I/imestone Mulders 
are scarce. All the boulders are smoothed and rounded. Facetted 
boulders are numerous and, given the prraer type of rock, character- 
istic gladal scratdies are to be found. Ihe scratches show best on 
the fine-grained, dense greenstone. Limestone boulders and certain 
types of igneous rcxks do not show them at all. The shoreline is strewn 
with these pebbles and boulders, which were imdoubtedly derived 
from the conglomerate, as th^r are not to be found on the adjacent 
limestone shores. All the material collected was taken from the con- 
glomerate itself, however. This is well broken down by weathering 
in some places, and the pebbles may be picked out wito the fingers 
or tapped out with the hammer. 

Throughout the Paleozoic section of southeastern Alaska are vast 
thicknesses of volcanic material, tuffs, breccias, and flows. Con- 
sidering the sediments as a whole, climatic conditions through the 
Paleozoic do not seem to have been very different from those of com- 
parativdy recent times and physical conditions may have been very 
nearly the same. 

H. B. MQRwm and E. Posnjae: The iron-hydroxide minerals. 
Studies of compo^on, denaty, optical properties, and thermal be- 
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havior have led to the conclusion that only one compound of ferric 
oxide and water is known, Fe203.H20, which exists in two pure crystal- 
line forms, goethite and lepidocrodte. The fibrous material commonly 
known as Hmonite is resdly fibrous goethite with additional water, 
silica, etc., held in capillaries. It has been possible to find a series of 
specimens representing the expectable properties of such impure fibrous 
goethite with variable water content. Turgite appears to be mix- 
crystals of Fe208.H20 and hematite, with properties varying according 
to the composition. 

The amorphous brown iron ores when air dried contain sub-micro- 
scopic pores from which water has escaped, but they still hold in these 
pores variable amounts of water in excess of the formula Fe208.H20. 
They often show marked double refraction due to strain, but are readily 
distinguished from fibrous goethite by lack of splinteiry fracture and 
by lower refractive index. 

All these minerals except well-crystallized goethite often occur in 
very dose assodation. 

J. B. MERTie, Jr.: Repeated stream piracy %n the Tolovana and 
Hess Rtver Basins, Alaska, The theme of particular interest to which 
this paper was devoted is an example of stream piracy effected by one 
stream at the expense of another, and a subsequent repetition of the 
same process imder different physiographic conditions whereby the 
second stream recovered a considerable proportion of its former drain- 
age. The present watershed therefore represents the third recognizable 
period of stability in the physiographic history of the two drainage 
basins. 

The two streams in question are Livengood Creek, a tributary of 
Tolovana River, and the south fork of Hess River, in the Tolovana 
district, northwest of Fairbanks, Alaska. Gold-placer mining on 
Tivengood Creek has furnished the necessary underground data on the 
configuration of bedrock under the gravds. An abnomnally steep 
bedrock gradient at the lower end of the old bench channel on Liven- 
good Creek justifies the inference that this stream in its earliest recog- 
nizable stage was much shorter than at present. The pronoimc^ 
back-hand drainage of its present upper tributaries is regarded as cor- 
roboratory evidence of this hypothesis. Also the present divide 
between the two streams has been found by drilling to be silt-filled. 
An original stream piracy is thus deduced, whereby Livengood Creek 
stole the headwater tributaries of the south fork of Hess River. The 
depth to bedrock in the present silt-filled divide, and the depth to 
be^cxk in a narrow gorge in the lower part of the south fork of 
Hess River, together with the elevations at these two localities, show 
exactly how much of the upper drainage of the south fork of Hess River 
was pirated. 

The new physiographic condition that brcmght about the original 
piracy was a progressive drowning or inundation of the stream v^eys 
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of the Yukon-Tanana region, which resulted in a regional elevation of 
the base level, and was accompanied by extensive silt alluviation. 
This new physiographic cycle took place in at least two stages, at the 
end of the first of which occurred a period of stability when the piracy 
of the south fork of Hess River by Tivengood Creek was accomplished. 
Subsequently, these silt-fiUed valleys were drained, and the regional 
base level was reduced, and it was during this period that the final 
readjustment of the two drainage basins was effected, and the south 
fork of Hess River recovered a large part of its former drainage. Super- 
position of both streams onto be(&ock has been responsible for the pres- 
ervation of the present silt-filled watershed between them. 

This topic is discussed in more detail in U. S. Geological Survey 
Bulletin 662-D, entitled “The Gold Placers of the Tolovana District, 
Alaska.” 

The 328th meeting of the Society was held in the Conference Room 
of the Director of the U. S. Geological Survey on May 8, 1918. The 
regular program was: 

George Otis Smith: A century of government geolo^cal surveys. 
Published in A Century of Science in America. Yale University 
Press, 1918. Also in American Journal of Science Vol. 46, pp. 171-192, 
1918. 

At the 329th meeting of the Society, held on December ii, 1918, 
the Presidential address was delivered by the retiring President, Frank 
H. Knowlton: Evolution of Geologic climate. The address will be 
published in full in the Bulletin of the Geological Society of America 
at a later date. 

At the Twenty-Sixth Annual Meeting held on the same evening 
the following officers were elected for fiie ensuing year: President, 
E. 0 . Udrich ; 1 Ice-Presidents, G. H. Ashi^ey and H. S. Gaee; Treasurer, 
Wm. B. Heroy; Secretaries, R, W. Stone and R. S. Bassler; Members 
at-Large-of-ihc-Coiincil, T. W. Stephenson, H. G. Ferguson, D. F. 
IIewett, R. C, Weeds, Eugene Stebinger. 

Esper S. Uarsen, Jr., Secretary. 

WASHINGTON SOCIETY OP ENGINEERS 

Ten meetings of the Society were held during the year 1918 as follows : 

January 15, 1918: Widliam C. Edes, Chairman of the Alaskan 
Eiigineering Commission: The Alaska Railroad. 

February 5, 1918: Joint meeting with the Washington Section of 
the American Institute of Electrical Engineers. Professor C. A. 
Adams, of Harvard University: Standardization in engineering. 

February 19, 1918: Lieut, Col. Henry S. Graves, Forester and 
Chief of the U. S. Forest Service: The Forest Engineers in France. 

March 4, 1918: Wildiam B. Landreth, Deputy State Engineer 
of New York : Relation of the Barge Canal to the transportation problems 
of die United States. 
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March 19, 1918: J. O. Martin, of the Chesapeake and Potomac 
Telephone Company : Wires of war, 

April I, 1918 ; Moving pictures of the Battle of Cambrai. 

April 16, 1918: Hon. C. B. Mn^i^ER, Member of Congress from 
Minnesota: Personal experiences on the Western Front, 

The regular meeting scheduled for October 8, 1918, was not held. 
This was in conformity with the wishes of the Board of Health, on ac- 
count of the epidemic of influenza. 

November 19, 1918: Moving pictures: From ore to finished 
'' National'' pipe, 

December 3, 1918: Annual banquet. Speakers: Edwin F. Wendt, 
President of the Society; Adoeph C. Mieler, Member of the Federal 
Reserve Board; Charles Piez, Vice-President and General Manager 
of the Emergency Fleet Corporation; Ira W. McConnell, of 5 ie 
American International Shipbuilding Corporation; Prof. O. M. W. 
Sprague, of the Coimdl of National Defense; and Dr. H. W. Wiley. 

December 17, 1918: Annual Meeting for the election of officers; 
moving pictures illustrating the highways of the United States. The 
foUowing officers were elected for the year 1919: President^ Morris 
Hacker; Vice-President, William C. tioM; Secretary, H. C. Graves, 
Treasurer, G. P. Springer; Members of the Board of Direction, igig- 
1920, John C. Hoyt, Anthony F. Eucas, Oscar C. Merrill, Edwin 
F. Wendt. 


H. C. Graves, Secretary. 



SCIENTIFIC NOTES AND NEWS 

Dr. P. W. Bridgman has returned from the naval experimental 
station at New London, Connecticut, to the Jefferson Physical Lab- 
oratory, Harvard University, Cambridge, Massachusetts. 

Dr. Edgar Buckingham, who has been associated with the work of 
the scientific attach^ of the American Embassy in Rome, returned to 
Washington in February. 

Dr. George H. A. Ceowes, formerly of the Gratwick Research 
Laboratory at Buffalo, N. Y., and lately engaged in research at the 
American University Experiment Station of the Chemical Warfare 
Service on the physiological effects of war gases, left Washington in 
January to take up biochemical research at the laboratories of Eli 
Lilly & Company, of Indianapolis, Indiana. 

Dr. Oliver L. Fassig, of the U. S. Weather Bureau, has been elected 
secretary, and Mr. Francois E- Matthes, of the U. S. Geological 
Survey, treasurer, of the Association of American Geographers. 

Major General John Headlam, who lectured bdore the Academy 
in April 1918, on “The development of artillery during the war," has 
been awarded the distinguished service medal by Secretary of War 
Baker, “for exceptionally meritorious and distinguished services rendered 
the United States Army while serving as chief of the British Artillery 
Mission to the United States.” 

Dr. Ales Hrdlicka, Curator of Physical Anthropology in the United 
States National Museum, has been made an Honorary Fellow of the 
Royal Anthropological Institute of Great Britain and Ireland. 

Dr. M. S. Sherrill, formerly with the Ordnance Department in 
Washington, sailed in January for an extended trip in South America. 

Dr. F. H. Symth, formerly of the Massachusetts Institute of Tech- 
nology, and lately captain in the Chemical Warfare Service, stationed 
at tte American Universily Experiment Station, has received a 
temporary appdntment as physical chemist at the Geophysical 
Laboratory, Carnegie Institution of Washington. 

Vilhjalmur StEEANSSON was awarded the Hubbard Gold Medal of 
the National Geographic Society on January 10, 1919. 

Word has been received that Mr. M. N. Sisaughn, formerly of the 
Bureau of Chemistry in Washington, and a member of the Chemiail 
Society, died in Porto Rico on January 9, 1919. 
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PETROLOGY . — Microscopic examination of clays. R. E. SoM- 
:Brs, Cornell University. (Communicated by David White.) 

Most of the days referred to in this report were examined 
microscopically in order to determine the minerals contained in 
them, and in addition thin sections of some of the burned sam- 
ples were studied so far as time would permit in order to obtain 
some idea of the changes that took place in burning. 

The investigation is not to be regarded as an exhaustive one, 
as much still remains to be done along this line, but so far as it 
went, it is thought that the results are of interest. 

Table i gives the minerals that were noted in the different 
specimens examined, and also their approximate abundance. 

IDBNTIFICATION AND CHARACYBR OP MINERALS 

Quartz . — When in medium or coarse grains, quartz can be 
readily discriminated by means of its index of refraction, low in- 
terference color, and lack of cleavage. There are no other min- 
erals in clays which resemble it under these conditions. When, 
however, it is in small grains, it greatly resembles kaolinite. Its 
index of refraction is then of little assistance, the interference 
color is lowered to about that of the kaolinite, and its determina- 
tion has to depend upon its more angular shape and its more 
rapid extinction, or “quicker wink.” Such grains are generally 
too small to make use of the difference in optical diaracter. 

While quartz was noted in many of the clays examined, it 
was particularly abundant in the readual ones. Most of the 
Wilcox days from the Embayment area showed but little. 

Kaolinite . — ^This can be distinguished by its orthodox charac- 
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TABLE I 

The CoMPositioN op Clays 


Formatiott and locality^ 

1 

a 

d 

i 

> 

a 

1 

1 

1 ^ 

1 

1 

■E 

1 

Diaspore 

i 

ollmd matter 


a 


U 



1 ^ 

l« 

tH 



Residual Clays 












From Granite 












English china day, washed 

From Cambrian sandstone (Chikies) 

S& 

M 

VA 









Frazer, Pa. 

From Cambrian schist 

A 

M 

A 

C 



1 





Mt. Holly Springs, Pa., Sandusky 












Port. Cem. Co. 

C 

C 

A 









Mt. Holly Springs, Pa. 

C 

A 

VA 



s 






Mt. Holly Springs, Pa., Phil. Clay Co. 
Mt. Holly Springs, Pa., washed, Phil 

A 

A 

A 



s 






Clay Co. 

Mt. Holly Springs, Pa., Holly Clay 

C 

C 

A 

S 


s 






Corp’n 

Mt. Holly Springs, Pa., wadied, Holly 

c 

C 

A 

S 

s 

s 






Clay Corp’n 

M 

C 

VA 

c 



s 





Beavertown, Pa. 

c 

S 

VA 


s 







Narvon, Pa., Whittaker pit 

s 

A 

A 

S 

s 

c 






Narvon, Pa., Diller pit 

A 

A 

A 

c 

s 

s 

s 

s 




From Cambrian (Chikis quartzite) 

Honey Brook, Pa. 

From Cambrian (Gatesburg) clayey sand- 

VA 

C 

S 

c 


s 






stone 












Scotia Centre, Pa. 

S 

A? 

C? 

s 

s 

s 






Warriors Mark, Pa. 

A 

S 

VA 

A 


s 


c? 




Furnace Road, Pa., Colonial Clay Co. 
From Cambrian shale 

A 

s 

A 

C 

s 







Cold Spring, Va. 

From Cambrian limestone 


s 

A 

A 

s 

s 






Lutesville, Mo. 

A 

A 

A 









Lutesville, Mo., No. i day 

c 

A 

A 

s 



s 





Lutesville, Mo,, No. 2 day 

c 

C 

A 

A 


s 

s 






® The minerals listed here represent the identifiable grains, but some of them 
contain a variable quantity of exceedingly small grains not identifiable, and which 
are indicated in the column headed Colloid matter. Aside from this, most of the 
clays undoubtedly contain colloidal particles so small as not to be visible with the 
ordinary microscope. 

* S, scarce; C, common; M, moderate amounts; A, abundant; V A, very abundant. 
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From Oriskany shales, limestones and 
sandstones 

KtmMetown, Pa., disintegrated quartz- 
ite 

Ktmkletown, Pa., day with quartzite 
KunMetown, Pa., day with quartzite, 
washed 

Saylorsburg, Pa., Crude No. i 
Saylorsburg, Pa., Crude No. 2 
Saylorsburg, Pa. washed 
Saylorsburg, Pa., Crude, Cement 
Company's mine 
Shirle3rsburg, Pa. 

MiscmxAKEons Residxtal Clays 
Baimte, Ark., banded day under 
bauxite 

Bauxite, Ark., white day under 
bauxite 

(Both have some large flakes of mica) 
Oreana, Nev., Pitt-Rowland deposit 
Lovdocks, Nev., Adamson-Bickson de- 
posit 

Beatty, Nev., Bond-Marks deposit 
Antioch, Calif. 

Fort Payne, Ala., Brower Mine 
Fort Pajue, Ala., Codirane pit. Sili- 
ceous bauxite 

Fort Payne, Ala., Cochrane pit, bauxite 
Bynum, Ala., Kraus pit, white day 
Bynum, Ala., Kraus pit, black day 
Sedimentary Clays 
Carboniferous 

Chditenham Clay, St. Louis dis.. Mo. 
Raw washed pot day, LaClede-Christy 
Weathered pot day, LaClede-Christy 
Fire-brick clay, LaClede-Christy 
Selected crude day, LaClede-Christy 
Weathered pot clay. Highland Clay Co. 
Washed pot day, Highland Clay Co. 
Indianaite, Huron district, Indiana 
Earthy white day 
Massive white day 
Flint Clay district. Central Missouri 
Plastic day, Bland, Mo. 

White day, Owensville, Mo„ Sassman 
pit 

Red day, Owensville, Mo., Sassman pit 



^ Probably mostly seriate. 
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Flint day, Owensville, Mo., Sassman 












pit 



S 

C 







c 

Flint day, Hofflins, Mo., Cox pit 


s 


S 

s 

s 





c 

Flint clay, Hoflains, Mo., Cox pit 


s 

VA 

A 

s 

s 



s 



Flint day, Owensville, Mo., Connell pit 


c 

A 

S 





c 



Flint clay. Rosebud, Mo., Toelke and 












Hddel pit 



C 

A 





A 



Diaspora day, Rosebud, Mo., Brown 












pit 




S 

s 




VA 


c? 

Diaspora day, Owensville, Mo., Con- 












nail pit 



C 

S 





c 


c 

Diaspora clay, Rosebud, Mo., Brown 












pit 



C 

s 





VA 



Diaspora day, Owensville, Mo., Sass- 












man pit 

S 


A 

A 


s 



c 



Diaspore clay, Owensville, Mo., Con- 












nell pit 



A 

S 

s 




A 



Lower Cretaceous 












White day, Gordon, Ga., upper bed, 












Col. Kaol. and Alum. Co. 

C 

c 

A 

S 







M 

Nodular clay, Gordon, Ga., upper bed, 












Col. Kaol. and Alum. Co. 

s 


S 

s 

s 






VA 

White clay, Dry Branch, Ga., crude. 












Amer. Clay Co. ] 

s 

c 

VA 

s 








White day. Dry Branch, Ga., washed, 












Amer. Clay Co. 

s 

c 

A 

s 

s 







Allendale, S. Ca., Box pit 












AbbeviUe, S. Ca., HiU pit 

s 

s 

A 

C 

s 







White clay, S. W. of Trenton, S. Ca. 

A 

c 

A 

s 








Bath, S. Ca. McNamee Kn. Co,, i 

C 

s 

VA 

A 



s 





Bath, S. Ca. McNamee Kn., Co., 2 


M 

A 

A 

s 







White day, lyangley, S. Ca. 


c 

A 

A 

s 

s 






White clay, Langley, S. Ca. 

s 

c 

VA 

A 


s 






Upper Cretaceous 

S 

c 

A 

A 

s 



c 




Rayflin, S. Ca., Edisto Kaolin Co. 


s 

A 

S 

s 


s 





White day, Aiken, S. Ca. 

s 

s 

A 

A 








Ripley 












While day. Perry, Ga., Houston Kaolin 












Co. 

s 

s 

S 

C 

s 



s 



A 

White part of mottled day. Perry, Ga., 












Houston Kaolin Co. 


s 

S 

s 

s 

s 


s 



A 

Red part of mottled day. Perry, Ga., 












Houston Kaolin Co. 

s 

s 

S 

s 

s 

s 





A** 

Sagger day. Hollow Rock, Tenn. 

c 

A 

C 

c 


s 






Sagger day. Hollow Rock, Tenn. 

c 

A 

A 

A 

s 







Lignitic day, India, Tenn. 

s 

A 

C 

s 








Brown sandy day, B. Paris, Currier pit 

c 

A 

A 

A 


s 


s 




Dark day, E* of Paris, Currier pit 

c 

A 

C 

S 









^ Stained with hematite. 
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Porter's Creek 


1 








Wad day, Benton, Ky., Howard pit 

C 

A 

A 

A 



s 



Wad day, Benton, Ky , Howard pit 

C 

A 

A 

A 







Wad day, Briensburg, Ky. 

C 

A 

A 

S 

s 






Wilcox formation 











Andersonville, Ga., Sweet^-ater mine. 











white day 


C 

A 

S 







Andersonville, Ga., Sweetwater mine. 











mottled day 


S 

A 

s 

s 






Enid, Miss., No. s pit, Bramlett 

C 

VA 

S 

s 


s 





Enid, Miss., No. 21 pit, Bramlett 

S 

A 

A 

s 


s 





Holly Springs, Miss., stoneware day 

C 

A 

A 

c 







Eagrange, Term., Dale sand pit, daylens 

A 

S 

A 

M 

s 

s 


s 



Lagrange, Tenn., McAnee pit 

C 

A 

A 

A 

s 






McKenzie, Tenn., No. 10 baU, John- 











son-Porter 

s 

A 

A 

S 


s 





McKenzie, Tenn., No. ii ball, John- 











son-Porter 

s 

A 

A 

S 







McKenzie, Tenn., Sparks pit 

s 

A 

A 

M 


s 

s 




Sagger day, Henry, Term., Chrisman 











and Reynolds 

A 

A 

C 

c 

s 

s 





I S. G. P, day, Whitlock, Term., Mandle 

s 

A 

C 

c 


s 





No. 5 Ball, Whitlock, Tenn., Mandle 

s 

A 

C 

S 







No. 7 Ball, Whitlock, Tenn., Mandle 

s 

A 

C 

S 







No. 4 Ball, white, Whitlock, Tenn., 











Mandle 

s 

A 

C 

A 


s 





No. 4 Ball, dark, Whitlodi:, Term., 











Mandle 

s 

A 

C 

S 







Piuyear, Term., Dixie Brick & Tile Co. 

c 

C 

VA 

S 

s 

s 


s 



Wad day. Hazel, Ky., Cooley Ball and 











Sagger Clay Co. 

c 

C 

A 

c 


s 





Dark ball day, Hazd, Ky., Cooley 











BaU and Sagger Clay Co. 

s 

A 

C 

A 

s 






No. 4 BaU, Pryorsbttrg, Ky., Ky. 











Constr. & Imp. Co. 

s 

VA 

A 

S 







Old No. 4 BaU, Pryorsbttrg, Ky., Ky. 











Constr. & Imp. Co. 

s 

VA 

C 

A 







No. 5 day, Pryorsburg, Ky., Ky. 











Constr. & Imp. Co. 

s 

C 

A 

M 




j 



No. 3 BaU, Pryorsburg, Ky., Mayfidd 











Clay Co. 

c 

VA 

A 



s 





BaU, Pryorsburg, Ky., MayUeld Clay 











Co. 

c 

A 

A 



s 





No. I BaU, Hickory, Ky., Old Hickory 




mi 







Clay & Talc Co. 

s 

VA 

C 








Crude day, Lester, Ark., Camden Coal 




mi 







and Clay Co. 

c 

A 

A 

Q 


s 


s 



Washed day, Lester, Ark., Camden 











Tertiary 

A 

A 

C 

s 


s 





Crude, Edgar, Fla, 

A 

S 

A 

s 

s 






Washed, Edgar, Fla. 

s 

, A 

A 

s 

El 

■ 
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ters when of larger size, combined with its flaky nature and very 
often its tendency to combine in fan- or worm-shaped bunches. 
IvOw index of refraction and low birefringence separate it from 
the other micaceous minerals. When fine, it can merely be noted 
as minute, transparent plates, of an index of refraction close to 
the balsam, and very low interference color. 

The kaolinite occurs as single scales or plates, sometimes in 
bunches of fan-shaped character, and as vermiculites. In one 
clay, the Tndianaite from Tawrence County, Indiana, spherulite- 
like bodies were also found. 

Specially fine examples of “fans*' were noted in the day from 
Perry, Georgia, Bynum, Alabama, Bauxite, Arkansas, and 
Antioch, California. 

Good examples of vermiculites were seen in samples from 
South Carolina, Perry, Georgia, Bauxite, Arkansas, Antioch, 
California, and the nodular white clay from Gordon, Georgia. 

The Florida clay from Okahumpka and Edgar, as well as the 
samples from Langley and Aiken, South Carolina, showed large 
single flakes. 

Hydromica , — ^This is a distinctly micaceous mineral, which has 
single and double refractions higher than those of kaolinite, yet 
not so high as muscovite or sericite. Furthermore, the degree 
of these refractions varies in different clays. It is therefore 
assumed^ that there is an isomorphous gradation between seri- 
cite and kaolinite, with a gradual loss of potash and addition of 
water, and, in weathering products such as these, hydromica 
represents a transition stage of weathering toward kaolinite 
as the final product. 

The fan of the hydromica is similar to that of the kaoHnite, but 
it may occur in larger grains. Radiating bunches and spherulite- 
like grains were found in the white clay from near Huron, In- 
diana. 

COMPARATIVE ABUNDANCE OP KAOLINITE AND HYDROMICAS 

Descriptions of the microscopic examination of clays that have 
appeared from time to time, make frequent reference to kao- 

1 Por discussion of hydromica see Galpin, Sydney L. Studies of flint days and 
their associates. Trans. Am. Ceram. Soc. 14: 306 and 338. 
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Unite, but the presence of mica is less often commented on, and 
yet, judging from the nature of the clays described in this report, 
it seems to be quite abundant. 

The same might possiblj' be inferred from the chemical com- 
position of many kaolins which show a small percentage of pot- 
ash, for since feldspar seems to be very scarce, the former may 
be regarded as belonging to mica. 

Vogt, for example, in 1906, concluded that china clay consisted 
of kaolinite, muscovite, and quartz, although he based his con- 
clusions on the chemical composition of the material. - 

Later, HickUng,* after studying the china clay of Cornwall, 
states that in the finest washed days, kaolinite, mica, quartz, 
and tourmaline are present, but that the first two make up 90 
per cent of the mass. He adds, however, that the relative 
amounts of kaoUnite and muscovite are difficult to estimate. 

He differentiates the mica into two dasses, vis, primary mica 
and secondary mica derived from fddspar. 

He refers to the kaolinite as occurring as irregularly hexagonal 
prisms, with rough faces, which show strong transverse stria- 
tions corresponding to the basal cleavage. “These prisms are 
usually curved, sometimes quite vermiculiform. The shorter 
prisms commonly present a fanUke arrangement and exactly 
resemble the similar forms of mica, from which th^ can be dis- 
tinguished only by their lower interference tint.” 

Isolated plates or very short prisms may occur, and then “even 
with convergent polarized light, it is not easy to judge the amount 
of birefringence under such circumstances, and, consequently, 
to dedde to which mineral a given fragment bdongs; hence the 
difficulty of estimating their relative proportions. Both kinds 
show the same irregular form (due probabty to devdopment 
within decaying feldspars) and the same evidence of corrosion 
on the edges. The low interference-tint and low index of re- 
fraction definitely distinguish these crystals from mica. 

»VOGT, G. De la composition des argSes. Memdres publife par le Sodet6 
d’Eacouragement pour I’Industrie Nationale, Paris, 1906, PP- i93“ai8. 

‘Hicbxing, 6 . China clay. Its nature and origin. Trans. Inst Min. Eng. 
36. 1908-09. 



120 


SOMBKS: MICROSCOPIC EXAMINATION OP CLAYS 


The identification of kaolinite rests on the following evidence : 

(а) The index of birefringence is distinctly low, about that 
of quartz, but variable. 

(б) The index of refraction is very near to i .56. 

(f) The prismatic crystals extinguish parallel to the basal 
plane. 

(d) Basal flakes show a biaxial interference figure. 

While Hiclding refers to the mica as muscovite, he notes that 
it may be hydrated; indeed he thinks that the muscovite changes 
directly to kaolinite in the clay, because: i. He can find mica 
but no kaolinite in feldspar or in the granite. 2. There is no 
difference in form between the mica and kaolinite. 3. He finds 
prisms which are mica at one end and kaolinite at the other. 

He also quotes the obsen’ations of Johnstone,* who found that 
by exposing muscovite to pure water, and water saturated with 
CO2, for 12 months, it had changed to hydromuscovite. This 
Hickling believes shows a conversion in the direction of kaolinite. 

In line with these obseiv^ations, reference may be made to 
the work of Galpin® on flint clays. In these he found platy masses 
of what at first appeared to be kaolinite, which frequently show 
“ribs” or plates of higher index and birefringence intergrown 
with those of kaolinite, and which ribs show practically evety 
grade of variation between kaolinite and muscovite. 

H alloy site . — Two clays, viz, those from north of Huron, 
Indiana, and the Bond-Marks deposit near Beatty, Nevada, 
contain material in platelike grains, which is isotropic, and is 
probably to be regarded as halloysite. In no other samples 
could this material be so definitely identified. 

Rutile . — ^The presence of rutile is interesting, in view of the 
probable constant occurrence of titanium in high-grade clays. 
Practically every clay examined shows rutile in some amount. In 
some cases it is in grains or prisms, perhaps 0.015-0.020 mm. in 
diameter, when its color and refractive properties distinguish 

* Johnstone, A. On the action of pure water and of water saturated with carbonic 
acid gas on minerals of the mica family. Quart. Journ. Geol. Soc. 45: 363. 1889. 

® Gaijpin, S. I/. Studies of flint days and theit associates. Trans. Am. Ceram. 
Soc. 14:30^* 1912. 
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it at once. More generally, however, it is found upon dose 
exa min ation as very minute grains or needles which are never- 
theless so dear-cut that their refractions can be plainly seen. 
The interference color is of the first order, but the particles are 
so small that the actual birefringence is thereby shown to be 
very high. They vary from perhaps o.ooi mm. to o.oio mm. in 
diameter and if in needles are 5 or 6 times as long as they are 
wide. In number these grains are very abundant, but in actual 
bulk, they represent a very small quantity of rutile. 

Rarer Minerals . — ^Tourmaline is well marked by its pleochrom- 
ism, and its frequent occurrence is notable. Epidote is occa- 
sionally seen as a slightly greenish mineral of moderate single 
and double refractions. Grains of both high index and bire- 
fringence are common, though not in any abundance, and they 
prove to be zircon and titanite. A distinction between the two 
is quite possible by means of the higher interference color of 
the titanite. Zircon is much the commoner. 

Diaspore . — ^This is easy to determine by its moderatdy high 
index and double refraction, and its occurrence in irregular 
grains. It is quite common in certain of the clays examined 
from Missouri. Since the diaspore in these days or thdr as- 
sodated rocks sometimes occurs in grains suffidently large to 
be seen with the naked eye, it may be mistaken for quartz, but 
can be separated from it and day by means of bromoform (sp. 
gr. 2.8), in which the diaspore (sp. gr. 3.4) sinks, while the as- 
sodated minerals flioat.® 

Texture . — ^It would be veiy' difficult to standardize daj^s by 
size of particle, because any one clay is apt to be made up of 
particles of all sizes, and because there is no standard to use. 
Comparing these clays with each other, however, it may be said 
that relativdy coarse grains average o . 100 mm. or more in size, 
medium grains 0.020-0.025 mm., and fine grains 0.010 mm. or 
less. 

minerals in the burned clay 
A number of the clays were molded into one-inch cubes. 
These were all fired for 8 hours up to 950° C. After this one 
• Whbrry, E. T. Field ideniification cf diaspore, Aioer. Mineral. 3: 154. 1918. 
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set was refired for 8 hours to 1,150° C., and a second set for 10 
hours to 1,300° C. They were then ground to thin sections 
and examined under the microscope. 

Quartz grains usually stand out with much greater dearness 
in the burned than in the raw day, due to the fact that the 
hydrous aluminum silicates tend to mat or fuse together to a 
fine-grained ground mass which holds the quartz. In some sped- 
mens a fluxing action appears to have taken place between the 
fine-grained material and the silica, resulting in a corrosion of 
the quartz, but this is comparatively rare. 

Hydromica on heating to 1,150° C. either practically disap- 
pears, forming an isotropic mass, or dse it loses the greater 
part of its interference color. The only exception to this was 
where the hydromica grains were much larger than usual, in 
which case it was noticed that the central portion of the grains 
retained usually the original interference color. 

This change of the hydromica on heating would seem to sug- 
gest that it furnishes some of the flux for the day, and other 
things being equal, there may be a connnection between the de- 
gree of densification at the temperature mentioned, and the quan- 
tity of hydromica present. 

Kaolinite when not fluxed, appears to retain its shape and at 
least a good part of its original interference color. Tourmaline 
and probably epidote disappear even at 1,150° C., but the rutile, 
zircon, and probably titanite seem to be unaffected even at 
1,300° C. The persistence of the rutile can be plainly seen even 
through the partides are very small. 

Sillimanite was noticed in a Florida white clay fired at 1,300° 
C., where the conditions happened to be just right for its devdop- 
ment. That it has formed from the large flakes of kaolinite 
or low-grade hydromica is dearly indicated by one composite 
flake of the two minerals. 

The actual reason for its devdopment is not evident, other 
days carrying similar micaceous flakes, and burned at the same 
time, not showing the sillimanite in the burned product. 



TABLE 2 

Fbaturbs Shown by Thin Sections o? Btjbni^d Ci^ay 

11S0®C. I 1300°C. 
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« For explanation of letters see table i. 




































Tabi^B 2 (Continued) 
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Similar to preceding. 

Increase in isotropic ma- 
terial. Rutile visible. 

lyittle different from 1,150® 

Quartz in slightly fdted 
groundmass. Some iso- 
tropic. Rutile still 
visible. 

Fme granular aggregate. 
Hydromica gone. 

More isotropic material. 

More isotropic material. 
Rutile persists. 

0 

to 

M 

0 

N 

0 8 

»o 

0 

0 4 

2 9 

Hydromica gone. Quartz 
in fine fdty ground- 
mass, partly isotropic 
and partly low inter- 
ference color. 

Hydromica color gone. 
Quartz in fine-grained 
groundmass, partly iso- 
tropic and partly with 
low interference color. 

Fine texture, partly iso- 
tropic, partly kaolinite 
interference 


Fine granular aggregate. 
Some hydromica. 
Some isotropic ma- 
terial. 

Granular, slightly matted 
groundmass. Hydro- 
mica color gone. Some 
isotropic material. 

vq 

q 

d 

to 


CN 

5 9 

w 

M 

CO 

0 

<J CO 

V 

V 

V 

V 

V 

V 

< 

< 

< < 


< 

< 

a 

000 

0 

0 

0 

Fine 

Medium to 
fine 

Medium 

Medium 

Medium to 
fine 

Medium to 
fine 

Holly Springs, Miss. 

Mayfield day, Pryors- 
burg, Ky. 

i 

Is 

u 

! 

Washed kaolin, Say- 
lorsburg. Pa. 

Crude kaolin, Saylors- 
burg, Pa. 
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More isotropic material. 

More isotropic. Rutile 
persists. 

Mica interference color 
practically all gone. 
More isotropic. 

Not much different in 
appearance from un- 
burned. 

Same as preceding but 
interference color in- 
creasing. 

Fine-grained mass, with 
low interference color 
throughout. 

Felty appearance, with 
more interference colors 
of low order. Some of 
the larger mica flakes 
changed to sillimanite. 

q 

w 

CO 

00 

% 

cs 

i 

MD 

eO 

VO 

w 

VO 

N 

Hydromica gone. 
Groundmass mostly 
isotropic. Some kao- 
linite colors. 

Hydromica gone. Some 
isotropic. 

Most of mica shows 
kaolinite interference 
color, except in center. 
Some isotropic. 

Not much different in 
appearance from un- 
bumed. 

Fine fibrous aggregate, 
just starting an inter- 
ference color. 

Fine-grained mass. 

Fine-grained groundmass 
with much isotropic 
material, and rest small 
flakes of low inter- 
ference. 

q 

d 

*0 

ON 

M 

to 

ON 

i 

w 

00 

*0 

0 

1 . 

q 

00 

to 

03 - <J |cc m 

03 

03 

tc 

< 

VA 

< 


03 


< 

a 

0 

1 < 


0 

< 

0 0 

< 

< 


03 

03 

Medium 

Fine 

Coarse 

Medium 

Fine 

M 

Medium to 
fine 

Crude kaolin, Mt. 
Holly Springs, Pa. 

Washed kaolin, same 
places 

Kaolin, Pitt-Rowland 

1 

1 

2 ^ 

a Q 

Kaolin, Beatty, Nev. 
Is mostly halloysite 

White day, Dry 
Branch, Ga. 

White day, Florida, 
washed. 
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This development of sillimanite by burning and its possible 
abundance in porcelain’ may be the explanation of another 
feature noted. In some of the days, as indicated in the de- 
scriptions, a double refraction is produced in the groimd mass 
of the day by burning to higher temperatures. It is very 
probable that this is caused by partides too minute to be easily 
recognizable, and that the devdopment of the interference 
color may be due to the formation of siUimanite. The single 
and double refractions of the material would not be against it, 
but it is not proven in any way except by analogy. 

In the sections where siUimanite was actually determined, it is 
present in the form of slender crystals of fair size, and can sturdy 
be distinguished by its moderate relief, low interference, optical 
character, and cross fractxures. 

In table 2 there are given in summarized form the features 
which a number of the thin sections show. They are worth 
recording, although the series is not suffidently large to warrant 
drawing definite conclu^ons. For further comparison the table 
also gives the texture of the clay, relative abundance of the 
important constituents, and porosity after burning. 

CRYSTAI/LOGRAFHY . — An unusual sulfur crystal. F. Rtrs- 
SELL Bichowsky, Geophysical Laboratory. (Communicated 
by R. B. Sosman.) 

The acddental mixing of a hot alcoholic solution of ammonium 
polysulfide with a mixture of benzonitrile, hydroxylamine hydro- 
chloride, and ether resulted, among other things, in the forma- 
tion of the single, weU-devdoped, orange-red, translucent crystal 
figured below. The crystal was measured and figured (Fig. 1) 
under the impression that it was a crystal of some organic com- 
pound, but later analysis showed that it was almost pure sulfur 
containing 0.33 per cent carbon, 0.09 per cent hydrogen, o.io 
per cent nitrogen, 0.07 per cent ash, and a trace of chlorine. 
The density 2.01 is not unusual for sulfur, and the angles are 
in dose accord with those calculated, using the Goldschmidt’ 

Klbin, a. a. The constitution and microstructure of porcelain. Trans. Am. 
Ceram. Soc. i8: 377* I9i6. 

1 Goa>scHMn)T. KlrystaUographische Winkeltabellen, p. 313. Berlin, 1897. 
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axial ratios 0.8138 : i : 1.9055. The crystal was about 6 mm. 
long and weighed 0.27 gram. The following faces were ob- 
served (both the Miller and Goldschmidt symbols are given in 
order): c, (001), o; 6, (010), 000 ; a, (100), 00 o\e, (loi), 10; m, 
(no), 00 ; u, (oi3),oVs;w, (on) 01; r, (113), Vs; y, (112), » '2; 
p, (in), i; 7, (331). 3: ^ (311). 31; f. (211), 21; q, (131), 13; k, 
(120), V ) 2] h , (130). 00 3; X, (210), 2 so ; P, (310), 3 00 . Of these 
the faces f, (211), 21, and p, (310), 300, are new. The larger 
faces m, p, and c were all somewhat pitted and striated and often 
gave double signals. The other faces all gave first quality sig- 
nals with the exception of faces y and f which in the instruments 
used gave but faint (though well- 
defined) ones. Faces y and t occurred 
but once, the first as a narrow im- 
perfect bevelling of the edge (in)- 
(no), the second as a linelike but 
perfect face bevelling the edge (100)- 
(311). The remaining faces occurred 
the theoretical number of times, 
except faces X and p which occurred 
three instead of four times each. 

The most unusual feature of this 
crystal is the well-developed zone 
[001] containing the brachy- and 
macro-pinacoids a and b (2 times 
each), the primary prism m (4 times), the rare macro-prisms k 
and h (4 times), the rare brachy-prism X (3 times)® and the 
new p face (3 times). Another interesting zone is the oblique 
zone [oil] containing the faces n, p, r, f, and a. The corre- 
sponding zone [loT] is less well developed. 

The zonal relations of the crystal are in themselves sufficient 
to establish the symbols of the new faces, but as a check the crys- 
tal was carefully measured on a makeshift one-drcle goniometer 
using reflections from different parts of the faces and reading on 
different parts of the circle. The results agreed closely with 

* Given by Goi,dschmidT, loc. cit. I have been unable to find the oxiginal 
reference. 
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those calculated from the Goldschmidt axial ratio. The angles 
for the rarer faces are; (oio)-(i3o), measured 22“ 18', calculated 
22° 16'; (oio)-(i2o), measured 31° 33', calculated 31° 34'; 
(oio)-(2io), measured 67° 51', calculated 67° 51'; (oio)-(3io), 
measured 74° 48', calculated 74° 49'; (oii)-(2ii), measured 
65° 30', calculated 65 19'. 

Table i contains a complete list of the faces reported for 
rhombic sulfur, their discoverer, Miller and Goldschmidt sym- 
bols, principal Goldschmidt position angles, and the number 
of times reported in the literature examined. 

table I 

Faces Observed on Rhombic Sui;ehjr 


a » 0.8138 

« = 1-9055 


MIIW 

symbols 

GOLdschmidt 

symbola 

Discoverer 

Gcddsdunidt Ani^e 

No. of times 
reported 

C 

001 

0 

Rom 4 de rislei 


0®00' 

48 

b 

010 

0 00 

Scaochi* 

o®oo' 

90 00 

28 

n 

oil 

01 

Rom 6 de Tlsle^ 

0 00 

62 18’ 

41 

V 

013 

oV. 

Brooke-Miller* 

0 00 

32 25* 

X8 

w 

023 

o»A 

Brooke-Miller^ 

0 00 

51 47* 

2 

e 

031 

03 

Molengraaf^® 

0 00 

80 04’ 

3 


043 

oV> 

Buttgenbachi* 

0 oob ' 

72 38* 

1 

a 

100 

00 0 

Rom 6 de rw 

90 00 

0 00 

16 

e 

lOI 

10 

Mohs* 

90 00 

66 52' 

26 

TT^ 

102 

VlO 

Buttgenbach^* 

90 00 b 

49 30 

I 

U 

103 

V«0 

Brooke-Miller* 

90 00 

37 58* 

14 

m 

no 

00 

Mohs* 

50 51' 

90 00 

33 

P 

111 

I 

Rom€ de 

50 51' 

71 40* 

72 

y 

112 

‘A 

Scacchi* 

50 5i‘ 

56 28 

23 

s 

II3 

‘A 

Mohs® 

50 51' 

45 10* 

51 

0 

II4 

‘A 

Fletcher* 

50 51* 

37 02' 

8 

t 

II5 

V. 

Mohs® 

50 5X' 

3X of 

29 


II6 

V. 

Buttgenbach^* 

50 

26 42' 

2 


117 

Vt 

Brezjiia* 

50 51’ 

23 i9‘ 

9 


119 

V. 

Zapharovich* 

50 51’ 

18 32* 

7 


i.i.n? 

Vii 

Schmidt^ 

50 51’^ 

15 21 

1 


1.1.14? 

Vl4 

Schmidt^ 

50 5 i'*» 

12 10 

1 


1.1.17? 

Vn 

Schmidt^ 

50 51^ 

10 4 

I 

k 

120 

00 2 

Brooke-Miller* 

31 34 

90 00 

3 

K 

122 

Vai 

Pelikan®* 

31 34 

65 54* 

1 

h 

130 

C03 

Weed & Pirsson^® 

22 i6‘^ 

90 00 

I 

ff 

131 

13 

Brezina* 

22 16* 

80 48* 

X9 

X 

133 


Scacchi* 

22 16* 

64 06 

x 8 
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z 

135 

Vs Vs 

Brooke-MiRer^ 

22 16* 

51 01 

16 

F 

151 

15 

Busz^^ 

13 48' 

84 11 

I 


155 

V5I 

Millosevich^® 

13 48'® 

63 30 

I 


201 

20 

Buttgenbach^® 

90 oo* 

78 13 

I 

X 

210 

2 

Goldschmidt^^ 

67 5i' 

90 00 

1 


211 

21 

Bichowsky 

67 51 • 

78 48* 

1 

5 

221 

2 

Molengraafi® 

50 ji' 

80 35* 

6 


227 

Vt 

Buttgenbach^® 

50 5i'» 

40 47 

I 


229? 

V9 

Buttgenbach^® 

50 5 i‘* 

33 51 

1 

9 

305 

®Ao 

MDlosevichi® 

90 od> 

54 33 * 

1 


310 

3 00 

Bichowdcy 

74 49 ^ 

90 00 

I 

r 

311 

31 

Breana* 

74 49 ® 

82 10’ 

7 

ot 

313 

iVj 

Molengraaf^® 

74 49 ® 

67 36 

13 

/3 

315 

Vs Vs 

Dana® 

74 49 ® 

55 30 * 

7 

M 

319 

Vs Va 

Millosevich“ 

74 49 ^ 

38 58 

1 

7 

331 

3 

Friedlander^ 

50 5 i' 

83 42 

14 

/ 

335 

Vs 

Busz^i 

SO 51 ’® 

61 06 

3 

i 

337 

Vt 

Busz^^ 

50 5i'» 

52 18 

2 


3, 3. 16? 

Vis 

Buttgenbach^® 

50 51 ’* 

29 39 

1 

1 

344 

Vsl 

Brezina® 

42 40 

68 54 

l 

€ 

55 1 

5 

Busz^® 

50 SI' 

86 12* 

2 


553 

Vs 

Buszw 

SO si' 

78 35* 

I 


0 Corrected value. Goldschmidt gives the erroneous value 74*39'. 

New calculation, 
c New symbol. 

The S3niibol * indicates ^A'. 

^ RobcS m lTsl®. Crystallogr. i: 289. 1783. 

2 Mohs. Mineralogy, ISdinbiurgh 3: 52. 1825. 

8 ScACcm. Mem, Geol. Campan,, Rend. Ac. Nap. (1849), i03;Zts. D. Geol. Ges. 
4: 168. 1852. 

* Brook]S-Millsr. Mineralogy 109. 1852. (Quoted from Brezina. *) 

^ Zapharovich. Jahrb. Geol. Reichsanst. 19: 229. 1869. 

* Brszina. Akad, Wiss. Wien. 60: 539. 1869. 

7 Frb^dlAndrr. Min. Sammlung Strassburg, 262. 1878. (Quoted from Dana, 
System of Mineralogy.) 

* Flbtcbdsr. Phil. Mag, V. 9: 186. 1880. 

» Dana. Amer. Joum. Sd. 32: 389. 1886. 

10 MOLBNGRAAP. Zeitschr. Kryst. Min. 14: 45. 1888. 

Busz. Zeitschr. Kryst. Min. 17: 550. 1890. 
la WiW> and Pirsson. Amer. Joum. Sci. 42; 401. 1891. 

Pblikan. Tschenn. Min. Petr. Mitt 12; 344. 1891. 

1* Btrsz. Zeitschr. Kyrst. Min. 20: 560. 1892. 

^ ScHBDPX. Zeitschr. Kyrst. Min. 29: 210. 1898. 

MiLLOSBViCH. Atti Accad. Lincei 7: 2 Sem.: 249. 1898. 

17 GoLDScaiMiDT; Quoted in Krystallographische Winkdltabellen, Berlin, 313. 
i897‘ 

18 BuTTGRNBACH. Ann. Soc. Geol. Belg. Liege (1898), 25 Mem. 73. 
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Figure 2 is a stereographic projection of the known faces. The 
dots representing the known faces have an area proportional to 
number of times reported. This figure emphasizes the more 
important zonal relations of sulfur and particularly the predomi- 
nance of the primary pyramid zone [iTo]. The brachy- and 
macro-dome zones [Too] and [dio], as well as the oblique zones 
[loi] and [on], are also well developed. Among the lesser 
zones sulfur shows a curious preference for zones (and faces) 



Fig. 2. Stereographic projection of the known faces of sulftir crystal. 


with an intercept ratio involving an odd number such as 3, as 
compared with those involving an even number such as 2. Com- 
pare the development of the zones [130], [310], [T03], [30T], 
[o3i]» [013 ]i tiie corresponding zones [120], etc. The poor 

development of zones, except [no], having (no) as a pole is 
interesting. The usual rule that faces at the intersection of 
important zones are likely to be most commonly developed is 
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well emphasized in sulfur, as are certain quantitative relations, 
but the number of sulfur crystals reported is too small to 
make quantitative rdations of much value. 

MINERALOGY . — Plancheite and shattuckite, copper silicates, 
are not the same mineral. Waedemar T. Schaeler, Geo- 
logical Survey. 

The name plancheite was given by Lacroix,^ in 1908, to a blue 
copper silicate from the French Congo, Africa. About five 
years later a blue copper mineral from Bisbee, Arizona, sent to 
the U. S. Geological Survey for identification, by Philip D. Wil- 
son, of Bisbee, was determined by qualitative tests as probably 
plancheite. Abundant material was available for various de- 
terminations and it was soon found that several discrepancies 
existed between the properties of the two minerals from Arizona 
and from Africa. Accordingly a detailed investigation of the 
Arizona material was undertaken and it was determined that the 
Arizona mineral was not plancheite and that an additional 
new copper mineral was intimately associated with and geneti- 
cally derived from the more abundant blue mineral, which in a 
preliminary note® was named shattuckite, the other new copper 
mineral being called bisbeeite. So far as known to the writer, 
plancheite has not been found in Arizona. The essential proper- 
ties of shattuckite and of bisbeeite were published in the Third 
Appendix to Dana’s System of Mineralogy. The paper describ- 
ing in detail the properties of these two new copper silicates has 
not yet been published. 

Zambonini® has recently questioned the validity of shattuckite 
as a separate species and has urged its identity with plancheite. 
He giv^ a new analysis of plancheite which does not agree with 

^ Lacroix, A. Sur une nouvdle Ispece mvn&ralt provenant du Congo frangais, 
Compt. Rend. 146: 722-725, 1908; Les miniraux accompagmnl la dioptase de 
Mindoidi (Congo frangais): plancheiie, nov. sp. Soc. Franc. Min 4 ral. Bull. 31: 247- 
259- 1908. 

sScHAij^SR, W. T. Four new minerals. Journ. Wash. Acad. Sd. 5: 7. 1915. 

•Zambonini, F. Sur ridentiti de la shattuckite et de la plancheite. Compt. 
Rend. 166: 495“-497- 1918. 
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the original one, but which does agree with the analyses of shat- 
tuckite. Explanations of his results are suggested at the close 
of this paper. 

The nonidentity of shattuckite with plancheite, notwithstand- 
ing their very close resemblance in properties and in chemical 
composition, was definitely determined before the name shat- 
tuckite was proposed. The direct comparison of the two min- 
erals was readily made, as Prof. Lacroix had kindly presented 
to the writer in Paris in 1912 a typical specimen of plancheite. 
The available specimen could not yield a sample of plancheite 
of the requisite purity for chemical analysis. Plancheite is in- 
timately mixed with other copper silicates, the most abundant 
of which in the single specimen examined, is what is orduiarily 
called chrysocolla. A set of three thin sections of parts of the 
plancheite specimen shows that probably several other copper 
silicates are also present, although the two named are predom- 
inant. The fibers and spherulites of plancheite are imbedded, in 
places, in the massive pale green chrysocolla and the other copper 
silicates. The thin sections also show that although small 
fairly pure masses of plancheite spherulites occur in the rock, 
these masses are bordered by a layer of some other copper min- 
eral Judging only from the single specimen, it would be most 
difficult, if not impossible, to prepare even a very small sample 
of nearly pure plancheite for chemical analysis. 

Abundant shattuckite was available, from which samples 
were prepared that after careful selection contained only small 
amounts of included tenorite. The analyses of three different 
samples of shattuckite establish its formula as 2CuO.2SiO2.H2O; 
whereas the formula of plancheite, as revised, is given as 6CuO.- 
5Si02.2H20 (the original formula proposed is i5Cu0.i2Si02.- 
5H2O). 

If the only quantitative basis for determining the question of 
the supposed identity of shattuckite with plancheite were the 
chemical analyses, then the two minerals would readily be con- 
sidered as identical. But there is a simple and absolutely con- 
clusive method by whidi the question as to the identity of the 
two minerals can be answered. This is by a comparison of their 



schaller: peancheite and shattuckite 


133 


optical constants, of which the refractive indices are the easiest 
determined. If the refractive indices show a distinct difference, 
then the minerals are not the same. 

The refractive indices of both minerals were determined by 
the writer before any mention of shattuckite was published and 
it was found that the lowest refractive index (a) of shattuddte 
was considerably higher than the highest (7) refractive index 
of plancheite. The actual determinations are shown in table i ; 
there are also given the independent determinations kindly made 
by E. S. Earsen, of the U. S. Geological Survey. Mr. Larsen’s 
values are more accurate than those of the writer and should 
be taken as the correct values. The accurate deter mina tions of 
the refractive indices of such finely fibrous min erals as those under 
discussion is an operation requiring very careful work and con- 
siderable experience. 

As table i readily shows, there is sufficient difference in the 
optical constants of shattuckite and plancheite to preclude their 
being identical. 

TABLE I 

Rbfractivb Indices of Peanchbit^ and Shattuckite 


Index 


Plancheite 


Shattuckite 

Lacroix ® 

Larsen ^ 

Schaller 

Irarsen 

Schaller 

a 

n.d. 

1.645 

1 .640 

1.644 

1.752 

1.730 


n.d. 

1 .660 

n.d. 

n.d. 

1 .782 

n.d. 

7 

1 .70 

1. 715 

1 .697 

1 .702 

1.815 1 

1.796 


* Stated to be near 1.70 (7), Lacroix, A. Mineral. France 4; 758. 1910. 
b Two sets of determinations, made at different times. 


Zambonini’s analysis of plancheite yields the same formula 
as^has been derived for shattuckite and he naturally concludes 
that the two minerals are the same. Two suggestions are offered : 
(i) that, through inadvertence, the mineral furnished Zambonini 
(obtained from Lacroix in Paris) really was shattuckite and not 
plancheite. This suggestion cotild have been readily proved 
or disproved by a determination of the refractive indices of the 
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material analyzed; (2) the material analyzed (plancheite) con- 
tained enough impurities (copper silicates) to affect the composi- 
tion of the sample so that the results obtained are comparable 
to the composition of shattuddte. 

But whatever may be the exact chemical relations of these 
two minerals and whatever may be the formula of plancheite 
the difference in the refractive indices proves conclusively that 
they are not the same. 

PALEONTOLOGY . — Description oj a supposed new fossil species 
of maize from Peru. P. H. Knowxton, U. S. National 
Museum. 


Some months ago the United States National Museum came 
into the possession of a very remarkable specimen of fossil 
com from Peru. It was sent in as an ethnological specimen, 



having been secured from a dealer in 
curios in the city of Cuzco, Pern, by Dr. 
W. F. Parks, of St. Louis, Missouri. 
Dr. Walter Hough, of the Division of 
Ethnology in the National Museum, 
brought the specimen to me for iden- 
tification. Although it is wonderfully 
well preserved, it is in many particulars 
so different from the ordinary tjrpes of 
com with which I was familiar that its 
affinity was not recognized until this was 
pointed out by Mr. G. N. Collins, of the 
U. S. Department of Agriculture, who for 
many years has been making a special 
study of the origin, evolutionary history, 
and distribution of Indian com (Zea). 


The specimen has suffered practically no distortion during 


fossilization, though a portion of the apex has been broken 


off and lost. It is now a little more than 6 centimeters in 


length and was probably about 8 centimeters long when complete. 
The greatest diameter is nearly 4 centimeters. The point 
of attachment for the “ear” was very small, suggesting that it 
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was perhaps drooping, unless it was held upright by the developing 
leaves. The axis or “cob” has entirely disappeared so far as any 
structural elements are concerned, and its place has been filled 
by a closely cemented, fine-grained siliceous sand. The indi- 
vidual kernels or grains of com are mostly roughly triangular in 
shape, and markedly diflferent in size. The grains are not ar- 
ranged in vertical rows but in some parts of the ear there is evi- 
dence of their being in diagonal rows, though this is perhaps ac- 
cidental. When viewed as a whole the grains appear to be very 
irregularly placed. In color the grains are dark brown, almost 
black, and as the matrix replacing the axis is light yellow in 
color, the grains stand out in strong relief. No structural or 
cellular elements are retained in the interior of the grains, this 
being fiUed with very fine-grained compact sand. 

Now the question arises as to the name by which this unique 
specimen should be known. It must be confessed at once that 
it proves exceedingly difficult, if not, indeed, impossible, to find 
characters by which it can be adequately separated from certain 
living types, such, for instance, as the Copacabana variety from 
the regions of Lake Titicaca, yet the fact that it is so completely 
fossilized lends support to the probability of its being several 
thousand years old instead of a few himdred years. Tor this 
reason alone, and in order that it may be independently re- 
ferred to, I venture to give it the name Zea antiqua. 

It is of course extremely unfortunate that nothing is known 
as to the condition under which this specimen was found. If 
this were known it might be possible to fix its age with a reason- 
able degree of certainty. As it stands, however, there is little 
but the fact of its thorough fossffization to base an opinion on, 
and from this I venture the tentative suggestion that it seems 
hardly likely to be younger than at least several thousand years. 
In a recent paper on “The evolution of maize,” by Paul Weather- 
wax,^ he says: “Geology and archaeology are of little value to us 
inl^solving these problems, smce the oldest remains of these 
plants found in the rocks or in human habitations are practically 
modem.” 

1 Bull. Torrey Club 45: 334. 1918. 
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It seems to me that the specimen under discussion fails very- 
little short of supplying the needed paleontological data on the 
antiquity of maize. Its very modem appearance may of course 
readily be interpreted as an indication of its comparatively 
recent age, but, on the other hand, there is more than a reason- 
able conjecture that it could be actually as old as has been sug- 
gested, in which case it shows that the real ancestors of maize 
must apparently be sought much earlier than has usually been 
assumed. 

ZOOLOGY. — The systematic position of the crinoid genus Holopus. 

Austest H. Clark. U. S. National Museum. 

The systematic position of Holopus has never been definitely 
determined. In the latest general work on the Crinoidea* it 
was placed by Springer and Clark at the end of the Articulata, 
in Family 8, Holopidae, beyond Family 7, Kugeniacrinidae, and 
Family 6, Saccocomidae; but this disposition was admittedly 
pro\nsional. 

Holopus has frequently been associated with Edriocrinus, 
but it does not seem possible that the two can really be closely 
related. 

In Holopus the disc, arms, and pinnules are so obviously of 
the same type as those of the pentacrinites and comatulids that 
the relationship with these forms can scarcely be denied. The 
arms of Holopus are very short and thick and closely appressed 
against each other; comparison, therefore, must be with the 
closely appressed arm bases of such types as Endoxocrinus or 
the genera of the Charitometridae (especially Crinometra) and 
not with the distal portions of the pentacrinite or comatulid 
arms, or with the widely separated arms of many forms. The 
asjmmetry of Holopus is duplicated in many of the Comas- 
teridae. 

The disc of Holopus is identical in diaracter with that of the 
very young of the comatulids in which perisomic plates are 
present — Comactinia, Comissia, Thaumatocrinus, and Pentame- 

^ Zittel-Eastman's “Paleontology,” 1913, p. 241 . 
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trocrinus — even to the detail of the slight eversion of the edges 
of the orals. 

So far as I can see, the column of Holoptis is composed of 
radials only. In the young specimen figured by Alexander 
Agassiz the uniformity of the ornamentation on the outer ring 
appears to indicate that it is composed of a single series of plates, 
which must be the radials. In one of the specimens figured by 
P. H. Carpenter® the series of tubercles running down the median 
line of each sector of the column indicates that the same plate 
(the radial) persists as far as this ornamentation extends, and 
probably also to the circumference of the basal disc. 

An analysis of all the available characters® indicates that 
Holopus occupies practically the same developmental plane as 
the pentacrinites and the comatulids; indeed it is questionable 
which of the three groups should be considered the most special- 
ized. 

My personal opinion is that the pentacrinites, the comatulids, 
and Holopus are very closely related, in spite of their extraordinary 
superficial dissimilarity. 

In the pentacrinites the column is enormously developed; so 
rapid is the growth that the proximales as they are continuously 
formed beneath the calyx never succeed in becoming attached 
to it, but are continuously pushed outward by the formation 
of new proximales between the Isist formed and the calyx; the 
proximales later become separated by the intercalation of other 
columnals, appearing in the fully developed column as the carrif- 
erous nodals. The basals are much reduced and lie horizon- 
tally. 

In the comatulids a short column is formed and a proximale 
appears which, becoming firmly attached to the calyx, increases 
enormously in size and, the larval colunm being discarded, con- 
tains the entire adult stem. The basals, in nearly all the types, 
become metamorphosed into an internal septum and entirely lose 
their original character. The base therefore is entirely com- 

2 ^‘ChaMenger” Report, Stalked Cnnoids, i884» plate III, fig. i. 

3 Phylogenetic study cf the recent crinoids Smiths. Misc. ColL 65: No. lo. 

August 19, 1915. 
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posed of radials, practically horizontal in position, plus the 
proximale. 

In Holopus the same line of spedalization has apparently been 
followed further; the colunm and the basals have disappeared, 
and the attachment is by means of the radials, whidi in the coma- 
tulids dominated the base. It is conceivable that the very 
yoimg Holopus is essentially like a short-stemmed comatulid 
in which the radials, growing very rapidly, form a cylindrical 
ring with the basals, spread outward until they aU lie in the same 
plane, closing the proximal end, and that this ring becomes at- 
tached by its lower border to the object upon which the larva 
rests. 

ANTHROPOLOGY. — d second archeological note.^ Truman 
Michbuson, Bureau of American Ethnology. 

Nearly three years ago I showed in this Journal* that the 
provenience of the gray sandstone pipe discussed by Squier 
and Davis in their Ancient monuments of the Mississippi Valley, 
pages 249 and 250, must be the upper Mississippi region near 
the Rock River because the original of the pipe figured there 
is either the same as that of the Sauk pipe shown on plate 2 
at the end of voltune 2 of Beltrami’s Pilgrimage, or it bdongs 
to the same culture. It will be recalled that previously there was 
uncertainty as to the provenience of this pipe. I now find that the 
lowest of the three pipes shown on the plate facing page 279 of 
Em. Domenech’s Voyage pittoresque, said to be from Tennessee, 
is also of the same culture; indeed it is almost impossible not to 
believe that the same artist fashioned all three pipes, so great is 
their likeness. 

1 Published with the penuission of the Secretary of the Smithsanian Institution. 

2 6: 146. 1916. 



ABSTRACTS 

Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. 
The abstiacts should conform in length and general style to those appearing in 
this issue. 


INORGANIC CHEMISTRY . — Note mi the sintering of magnesia. 
John B. Ferguson. Joura. Amer. Ceram. Soc. 1: 439-440. 
Jime, 1918. 

The sintering of chemically pure magnesia has been generally re- 
garded as difficult if not impossible, and this note is intended to place 
upon record the conditions under which such a sintering was found 
to take place readily. Pure magnesia powder, upon prolonged heating 
at temperatures ranging from 1600° to 1720° C., sinters to a cake of 
considerable mechanical strength and this sintering is due to a recrystal- 
lization, forming a mass of interwoven crystals, rather than to the 
presence of any bonding materials. J. B. F. 

ENTOMOLOGY . — Origin of the castes of the common termite^ Leuco- 
termes flavipes Kol. C. B. Thompson. Joum. Morph. 30 : No. 
I. 1917. 

Termites, since they belong to that most interesting group known 
as “social insects,” have been studied with interest by entomologists 
for many years. One of the most important unsolved problems in the 
complex life cycle of termites has been the origin of the castes. 

* Therehavebeentwotheoriesas to the origin of the castes. According 
to most of the older writers, all the young are undifferentiated or alike 
upon hatching, and only become differentiated later through the ex- 
ternal influences of food or protozoan parasites; the other view is that 
the castes are predetermined in the egg or embryo by intrinsic factors. 

Dr. Thompson shows that the fertile and sterile types are prede- 
termined at the time of hatching and may be distinguished byfthe 
bulk of the brain, the relative size of brain and head, the structure 
of the compound eyes, and the size of the sex organs. He also proposes 
a simplification in the nomenclature of forms and castes in termites 
and in this and a previous paper on the origin of the frontal gland 
in termites. T. E- Snyder. 
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PROCEBDINGS OP THE ACADEMY AND APPIEIATED 

SOCIETIES 

PHILOSOPHICAL SOCIETY OF WASHINGTON 

The 809th meeting of the Society was held at the Administration 
Building of the Carnegie Institution, November 23, 1918; Vice-Presi- 
dent Humphrbys in the chair; 50 persons present. 

Mr. W. P. Meggers presented tiie first paper on Photography of ^ 
red and infra-red solar spectrum. This paper was illustrated by lantern 
slides. 

Ordinary photographic plates stained with dicyanin have been used 
extensively for several years at the Bureau of Standards in recording 
the arc spectra of metals and tube spectra of gases in the red and adja- 
cent infra-red spectral regions. The spectra of about half of the chem- 
ical elements have thus been investigated from the yeUow at wave- 
lengths of about 6000 A into the infra-red to about 9000 A, and in some 
cases to wave-lengths greater than 10,000 A. 

This success in photographing the long waves from artificial sources 
suggested an attempt to photograph the infra-red solar spectrum 
on dicyanin stained plates, for, up to the present time, no complete 
or accurate determinations of wave-lengths corresponding to Fraun- 
hofer lines in the infra-red have existed, and there have been scarcely 
any reliable measurements in spectra of the chemical elements in this 
same region; identifications of absorption and emission lines have, 
therefore, been few and tmcertain. 

This work was first undertaken at the Johns Hopkins University in 
April, 1917, and a brief account of it was published in the Astrophysical 
Journal* together with a map of the solar spectrum from 6860 A to 
9600 A. Over 2000 Fraunhofer lines were measured between wave- 
lengths limits and about 400 of them were identified with emission 

'■ Meggbrs. Astrophys. Joum. 47: i. 1918. 
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lines in the spectra of twenty of the chemical elements. Nearly 80 
per cent of the total number of lines remained unidentified, and many 
of these, in addition to the well-known absorption bands A and B, due 
to oxygen in the earth’s atmosphere, were suspected to be of terrestrial 
origin. An opportunity to separate the solar from the telluric lines 
by aid of the Doppler-Fizeau displacement suffered by lines of solar 
origin came with an invitation to use the Porter spectrograph at Alle- 
ghany Observatory. Light from the eastern and western limbs of the 
sim was photographed simultaneously in two parallel spectra in which 
all lines of solar origin appear displaced in opposite directions, while 
those due to absorption in tie earth’s atmosphere have the same wave- 
lengths in both spectra. The spectrograms show that about 75 per 
cent of the absorption lines with wave-lengths between 6400 A and 9400 A 
arise in the atmosphere of our earth. 

A line (wave-length 7664 A) characteristic of potassium is under 
ordinary circumstances exactly coincident with one of the lines in the 
A band due to terrestrial oxygen, but was compelled to betray its solar 
origin by means of the Doppler-Fizeau effect. The presence of free 
oxygen in the solar atmosphere was demonstrated by the coincidence 
of six solar lines with lines in the emission spectrum of oxygen. All 
of the evidence for solar oxygen lies in its infra-red spectrum. 

Discussion: This paper was discussed by Messrs. Sosman and 
Humphreys. 

The second paper on The hot spell of August^ igx 8 , was presented by 
Mr. A. J. Henry. 

The hot spell of the first decade of August, 1918, had its origin over 
Montana and the central and northern Plains States. It was prac- 
tically station^ over eastern Kansas and western Montana from the 
ist to the 3d, inclusive, and on the 4th spread eastward by way of the 
Ohio valley to western Pennsylvania and also northeastward into the 
southern part of the Lake region. On the 5th it reached its greatest 
geographical extension; the area affected on the evening of that date 
was a little more than a million square miles, or just about one-third 
of the area of the United States, excluding Alaska and outlying pos- 
sessions. The increase in the area of the heated territory from the 4th 
to the 5th was in round numbers a quarter of a million square miles. 
The pe^ of the high temperature in the west was reached on August 
3-5 and in the east on August 6-7. In the east the daily maxima declined 
irregularly until the 14th, when normal conditions were reached. The 
period of extraordinarily high temperature was short, not exce^ng 
three days at any one place. The high temperatures were associated 
with a dry atmosphere and there was therefore not mudi bodily dis- 
comfort and but few heat prostrations were reported in the daily 
press. 

The abnormally high temperature was due to a combination of favor- 
able drcumstances. These in the order of their importance are: (i) 
A pressure distribution that inaugurated and maintained a system of 
southerly winds over the great interior valleys and the middle Atlantic 
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States. (2) The prolonged period of high temperature over the 
Plains States preceding the hot spell. (3) The absence of clouds and 
consequently unhindered insolation throughout the period of the hot 
weather. 

Diagrams were shown illustrating the pressure distribution in the 
United States at the beginning of the hot spell and its daily eastward 
advance to the Atlantic. 

The eastern limit of the hot weather corresponded roughly with the 
72d meridian of west longitude, which it may be remembered passes 
through central Massachusetts. 

Local thunder showers set in over the upper Ohio valley, the northern 
portion of the Appalachian region, western Maryland, and the District 
of Columbia in the later afternoon of the 7th, bringing to an end in those 
districts the unusually high temperatures that had prevailed during 
the preceding 48 hours. While high masdma were recorded in eastern 
Pennsylvania, eastern New York, and western New England on the 
7th, local showers on the 8th brought relief from the extremely high 
maxima but normal temperatures were not reached in the east until 
the 14th. 

Discussion : This paper was discussed by Messrs. WhiT]^, Kimball, 
HuMPHRm^s, KAmh, and Haypord. 

The 8ioth meeting, being the 48th annual meeting of the Society, 
was held at the Admmistration Building, Carnegie Institution, Decem- 
ber 7, 1918; President Burgess in the chair; 22 members present. 

The report of the Secretaries was read by Mr. E. C. Crittenden. 
This report showed that the present active membership is 182, a net 
gain of 12 during the past year. Among the active members there 
were seven deaths during the year, namely: Henry Adams, Thos. 
B. Ford, G. K. Gilbert, R. A. Harris, Artemas Martin, Richard 
Rathbun, Geo. M. Searle. Also one member on the absent list, 
Captain Ernest WeibeL, died of wounds received in France. There 
was one resignation during the year and thirteen were transferred to 
the absent list, a number of these being men who were engaged in over- 
seas military duty. There were 33 new members elected during the 
year. 

The Society held 14 meetings for the presentation of papers. At 
these meetings 33 communications were presented. About 15 per 
cent of the Society presented papers. The average attendance at the 
meetings was 45, constituting about 25 per cent of the membership of 
the Society. 

The General Committee adopted new By-laws on December 22, 1917, 
to supplement the revised By-laws of the Society which had been 
adopted November 24, 1917. These By-laws have been published 
and issued to the members of the Society. 

The report of the Secretaries was accepted and ordered placed on 
file. 
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The report of the Treasurer was read by Mr. E. F. Mueller. This 
report shows that the receipts from dues, interests on investments, and 
miscellaneous items amounted to $1,194.96. The expenses for the 
same period, including expenses of the officers, programs, hall for meet- 
ings, and grants, amounted to $804 34. In addition, the Cosmos Club 
bond of $1,000 was paid and a Chicago, St. Paul and Minneapolis 
Railway bond was purchased for $1,065.50. The balance on hand 
December 6, 1918, is $509.25, being $325.12 greater than the balance 
on hand one year previous. The par value of the securities held by 
the Society is now $12,500, being the same as one year previous. A 
list of the securities held by the Society is attached to the Treasurer’s 
report, as is also a list of delinquent dues and the estimated liabilities 
of the Society. The excess of income over expenditures for 1918 is 
shown to be ^377.38. ^ 

The Auditing Committee reported that it examined the books of the 
Treasurer and found the Treasurer’s report to be a correct statement 
of the resources and liabilities of the Society. 

The reports of the Auditing Committee and Treasurer were ordered 
accepted and placed on file. 

The report of the Tellers, consisting of Messrs. D. R. Haiuper and 
R. M. Wilhelm, was read by Mr. Harper. A total of 42 ballots was 
received. Following the report of the Tellers, the Society proceeded 
to the election of a President, two Vice-Presidents, Recording Secre- 
tary, and two members of the General Committee. The result of elec- 
tion is as follows: President, W. J. Humphreys; Senior Vice-President, 
R. B. Sosman; Junior Vice-President, R. T. Faris; Recording Secre- 
tary, S. J. Mauchly; Treasurer, E. F. Mueller; General Committee, 
H. H. Kimball, F. E. FowlE, and D. L. Hazard, to fill unexpired term 
of Mr, Swann. 

H. L. Curtis, Recording Secretary, 

The 811th meeting was held at the Administration Building of the 
Carnegie Institution, January 4, 1919; President Humphreys in the 
chair; 72 persons present. 

The evening was devoted to hearing the address of the retiring 
President, Mr. George K. Burgess, on Science and the after-war 
period. The address was published in this Journal.^ 

S. J. Mauchly, Recording Secretary, 

BOTANICAL SOCIETY OF WASHINGTON 

The 130th regular meeting of the Society was held at the Cosmos 
Club at 8 p.m., Tuesday, October i, 1918. Thirty-two members and 
three guests were present. The following paper was presented: 

The eradication of the ciirtis canker: Karl F. Kellerman. Since 
the autumn of 1914 the Bureau of Plant Industry of the U. S. Depart- 
ment of Agriculture has been cooperating with the Gulf States in a 

^ p: 57-70. 1919. 
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campaiga for the eradication of the canker disease of dtms fruit and 
trees. The first observation regarding a plant disease which presuma- 
bly was citrus canker is with reference to nursery stock introduced 
into Texas in 1911. It is not improbable that earlier shipments of 
nurseiy stock were infected, and it is certain that many later ship- 
ments of Citrus trifoliata orange seedlings from Japan, both into Texas 
and into other Gtdf States, were infected. 

Citrus canker is primarily a leaf-spot and fruit-spot, although it also 
affects twigs and even old bark and wood. In its early stages, how- 
ever, it resembles the sour-scab of citrus trees, a troubl^ome but not 
an especially serious disease that is widely prevalent in the South. 
Until late in the year 1913 plant pathologists and nurserymen did not 
clearly distinguish between these two diseases, and, therrfore, prior to 
its recognition and the determination of its serious character, the ship- 
ment of infected nursery stock was probably taking place throughout 
the southern areas where citrus culture was being extended. 

During the seasons of 1913 and 1914 special Efforts were made by 
State nursery inspectors, by nurserymen, and by citrus growers to 
check the spread of the disease by complete defoliation of infected 
stock followed by immediate and thorough spraying with strong Bor- 
deaux mixture and by painting visible infections with Bordeaux paste. 
These treatments were ineffectual, however, and citrus growers in 
southeastern Florida became so concerned over the rapid and destruc- 
tive spread of citrus canker and the failure of the methods usually 
employed for controlling plant diseases that they originated the plan 
of spraying infected trees with burning oil, thus completely destroying 
them. Eradication work of this character was undertaken imme- 
diatdy and financed almost entirely by private subscriptions, but the 
disease appeared to be gaining upon the forces attempting to control it. 

Severe tropical storms, in addition to the usual means of spreading 
the contagion, considerably increased the number of properties in- 
fected. The grapefruit, the orange, the lime, and the lemon are so 
readily infected with citrus canker that it does not appear probable 
that any method except that of complete destruction of all infected 
trees will serve to check the disease in any locality. Even at the worst, 
however, but a very small fraction of the citrus properties of the South 
have been infected, and those in California have escaped completely. 
Furthermore, the infected properties usually can be cleansed of the 
disease before many trees are lost. 

Throughout the last three years great emphasis has been given to 
the necessity of unusual precautions and constant care to prevent the 
spread of canker, which is extremely infectious to all lands of citrus 
trees. The progress of the work has been very satisfactoiy, and there 
appears to be no doubt that the few infections occurring in South 
Carolina and Georgia have been eradicated, so that further work in 
these states will not be necessary. The amount of infection in Florida, 
Alabama, Mississippi, Louisiana, and Texas has been very greatly re- 
duced, and while very thorough scouting and inspection will be neces- 
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sary in these States, m order promptly to locate scattered infections 
which may occur, it is bdieved that further seriously destructive out- 
breaks of canker can be prevented. 

The 1 8th annual meeting of the Society was held immediately after 
the regular meeting. In the absence of the regular officers, all reports 
were omitted. The following officers were elected for the ensuing 
year: President, Karl F. KbI/LERMAn; Vice-President, C. R. Ball; 
Recording Secretary, Chas. E. Chambliss; Corresponding Secretary, 
R. K. Beattie; Treasurer, h. h. Harter. Walter T. Swingle was 
nominated for Vice-President in the Washington Academy of Sciences. 

The 131st regular meeting of the Society was held in the Assembly 
Hall of the Carnegie Institution at 8 p.m., Thursday, December 5, 
1918.^ Forty-four members and three guests were present. The 
following papers were presented: 

Effect of temperature and other meteorological factors on the growth of 
sorghums: H. N. Vinall. The speaker stated that the purpose of tliis 
study was to determine the reactions of the sorghum plant to climatic 
conditions. Several varieties were grown under field conditions at 
Cliillicothe, Texas, Bard and Chula Vista, California, and Puyallup, 
Washington. The average of the monthly means of temperature for 
the growing seasons at the above points was 75.6°, 81.8®, 62.4°, 
and 60.4° F., respectively. The percentage of actual to possible sun- 
shine was 75, 93, 68, and 46. The total degrees of positive tempera- 
ture received by the sorghums at Chillicothe was 3028°, at Bard 4236°, 
at Chula Vista 1895°, and at Puyallup 1615° F. 

None of the sorghums matured at Puyallup, but all matured at Chula 
Vista with only 280° difference in the total of positive temperatures. 
This would seem to indicate that the amount of sunsliine is an impor- 
tant factor in bringing sorghums to maturity. The conformance of the 
sorghums of ChilUcothe, Bard, and Chula Vista to Einsser’s Eaw of 
Growth was remarkable. The “physiological constant," according to 
this law, for the period from planting to maturity, was for Chillicothe 
0.539, Bard 0.530, and Chula Vista 0.526. 

Vegetative characters which are ordinarily considered stable, 
such as the number of leaves per plant, varied with the climatic condi- 
tions. Blackhull kafir had 3 and Sumac sorgo 6 more leaves at Bard 
than at Chula Vista, lire varieties also showed decided differences in 
height and diameter of the stem and in the size of the leaf at these 
two places. 

Studies on tlic effects of different dates of plsmting at Bard indicate 
that “more favorable conditions are obtained if the date of plwtmg 
is regulated so tliat the early stages of the plant’s development coincide 
with a period of high temperatures and the later stages, when the plant 
is nearing maturity, come when moderate temperatures prevail." 

‘ The November meeting was not held on account of the influenza epidemic. 
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Defects in wood in relation to airplane construction: Lieut. J. S. Boyce. 
Since airplane construction aims to secure the maximum strength with 
the minimum weight, it is self-e\d(ient that wood with any defects 
which weaken it appreciably must not be used for this pu^ose. 

One type of defect is the so-called advance rot, which is merely the 
early stages of decay, the ftmgus mycelium having already invaded and 
weakened the wood, but the only microscopical evidence of this condi- 
tion is a slight discoloration of the wood. Advance rot is quite prev- 
alent in the more important woods used in airplane construction, 
among which are Sitka spruce (Picea sitchensis), Douglas fir {Pseudo- 
tsnga iaxifolia)t yellow birch {Betula luted), white oak {Quercus alba), 
and white ash {Fraxinus americana). Considerable skill is necessary 
to separate stock with advance rot from that with harmless discolora- 
tions resulting from chromogenic fungi or other causes. 

Very slight lightning wounds, known as “lightning rings,” are serious 
defects in airplane members, since there is a decided tendency for the 
wood to separate easity along the annual rings in which such wounds 
occur. 

In order to make such defects properly understood in their relative 
importance, it will be necessary to disseminate information in simple 
form concerning the structure, mechanical properties, and defects of 
wood throughout the airplane industry. 

The 132nd regular meeting of the Society was held in the Assembly 
Hall of the Carnegie Institution at 8 p.m., Wednesday, January 15, 
1919. Thirty members and five guests were present. Mr. Clifford 
H. Farr, of the Bureau of Plant Industry, was elected to membership. 
The following papers were presented: 

The potash-containing marls of the eastern United States: R. H. TruE- 
Greensand marls were first recognized in America in 1768 near Marl- 
boro, New Jersey. After the Revolution their use as fertilizers de- 
veloped rapidly, marl railroads having been built in the early thirties 
to haul marl from the most valuable deposits to the surrounding farm- 
ing country. In the early forties over a million tons were shipped by 
rail in one year in this state alone. The digging of similar deposits 
discovered in Virginia began about 1833 and ceased only when the Ci\dl 
War broke out. The war and the heavy demand on labor led to the 
ready adoption of guano, ground bone, and other concentrated fer- 
tilizers, and marling practically ceased. 

In 1824 Seybert found them to contain calcium carbonate, potassium, 
and other substances. Rogers and others claimed chief value for potas- 
sium, Ruffin for the lime. With the present shortage of potassium 
these marls furnish a useful source for a very great supply over a prac- 
ticable hauling radius. Marl samples collected in New Jersey and in 
Virginia when used in sand cultures yield sufficient available potassium 
to support a normal growth when supplied at the rate of five or more 
tons per acre. 

Germination of immature seeds: J. B. S. Norton. The consideration 
of immature seed harvested imder certain conditions in the case of 
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some crops and at all times with other crops leads to a number of prac- 
tical questions. It was shown in the experiments reported that wheat 
seed first began to germinate six days after blossom. Germination 
increased to 78 per cent at the end of two weeks, then decreased at 
ripening time and rose slowly to 92 per cent a month after harvest. 
Com began to germinate when 12 days old, germinated over 20 per 
cent in ^e roasting-ear stage, 88 per cent at four-weeks age, then de- 
clined and rose slowly after the grain began to lose weight. Tomatoes, 
peas, and cowpeas germinated well before maturity, and a number of other 
species germinated to some extent. Blackberry, lily, euphorbia, and 
ragweed, seeds that might be expected to have difficult germination 
when ripe, were tried in immature condition to see if the cause of dor- 
mancy acted before ripening. No germination was obtained in these 
species. 

The 133rd regular meeting of the Society was held at the Cosmos 
Club at 8 p.m., Tuesday, February 4, 1919. Fifty-eight members 
and five guests were present. Messrs. M. N. Pope, Curtis H. Kyee, 
J. P. Benson, J. I. Lauritzen, R. N. Jones, P. G. Russeeu, T. G, 
Hoover, and J. A. Stevenson were elected to membership. The 
program consisted of the following papers: 

Producing self -fertile muscadine grapes (with lantern): Chas. T. 
Bearing. The office of Horticultural and Pomological Investigations 
of the U. S. Department of Agriculture has conducted muscadine- 
grape investigations for the past 12 years with a view to the devdop- 
ment of this native type of grape as a fruit industry for the southeastern 
United States where other grapes do not thrive. These investigations 
have been in the nature of fidd surveys, studies of proper cultural, 
handling, and utilization methods, and breeding. 

The breeding work has aimed toward maintaining the desirable 
characters of the spedes while securing improvement in those ways in 
which this seemed possible. The production of self-fertile varieties 
has undoubtedly been tlie most important result. At the time these 
investigations were undertaken, there was not such a thing as a self- 
fertile muscadine grape. All the fruiting varieties were sdf-sterile 
and dependent on insects to bring fertile pollen from the wild male 
muscadines. The Department now has a large collection of self -fertile 
varieties. 

The value of these self-fertile varieties is evident, (i) They are of 
inestimably great value in breeding work in that they afford for the 
first time the opportunity to intercross within the spedes without using 
as one parent a variety of unknown fruiting qualities (male vine). 
Breeding directly for a combination of the desirable characters found 
in the fruiting varieties of V. roiundifolia is now possible. (2) They 
afford directly a duster of increased size (a breeding object) in that the 
self-fertile varieties are the result of perfecting the large-clustered male- 
type blossoms rather than the small-duster^ female-type blossoms. 
(3) They afford greater productiveness in that they are able to set a 
larger per cent of the bloom buds as berries due to their self-fertility. 
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They afford opportunities for greater vineyard production as well as 
vine production, for they can be used in place of nonproductive male 
vines as pollinators for imperfect hermaphrodites. 

It has been abundantly proved that the new perfect-flowered or 
hermaphroditic type is a result of perfecting the pistils of the bloom of 
the male type of vine rather than the rudimentary stamens of the bloom 
of the female type. It is believed that it is merely a matter of time un- 
til only perfect-flowered, self-fertile muscadine grapes will be grown in 
the vineyards of the South. 

Plant responses under artificial light (with lantern) : L. C. Corbett. 
That light is one of the most important factors in lie environment of 
green plants has been recognized as long as any phenomenon of plant 
physiology has been observed. Many experiments have been conducted 
to demonstrate the effects of the presence or absence of light as a fac- 
tor of environment. The great majority of these experiments are 
merdy quditative. They demonstrate the effect of a force with no 
attempt to analyze or measure it. Plant physiology has up to recent 
time been largdy a qualitative sdence. This is to be explained chiefly 
on the ground that bio-chemistry has not been sufficiently devdoped 
to permit plant physiology to be other than a qualitative sdence. 
While, as has been stated, there are numerous simple tests to illus- 
trate the fact that light directly influences various plant activities, few 
studies have been undertaken to show the relation of various portions 
of the spectrum to plant responses. 

More than twenty years ago the speaker had an opportunity to con- 
duct a series of tests to determine the influence which artifidal light, 
used as a supplement to daylight, might have on the rate of devdop- 
ment of various plants growing in gr^nhouses. After a series of tests 
extending over t^e years to determine the influence of incandescent 
gas light as a supplement to daylight, a series of tests was inaugurated 
to determine the influence of various-colored incandescent gas lights on 
plant growth, when used as a supplement to daylight. In these tests 
incandescent gas lamps were provided with globes tinted red, blue, 
and green. The behavior of plants in the Add of such lights was com- 
pared with the behavior of like plants in the Add of lamps canymg 
dear globes. Different plants gave varying responses under the stim- 
ulus of the different-colored light, but each light induced a character- 
istic effect which was consistent for all plants, but in varying degrees. 

Chas. E. Chambliss, Recording Secretary. 

ENTOMOECKJICAL SOCIETY OF WASHINGTON 

The 319th regular meeting of the Sodety was hdd Feb. 6, 1919, in 
the new Assembly Hall of the Cosmos Club; 36 members and 10 visi- 
tors were present. 

The following new members were dected: Dr. U. C. Eoetin, of the 
Bureau of Entomology, John D. Sherman, of New York, and E. A. 
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McMahon, of the Eiitoinolog[ical Laboratory at Annapolis Royal, 
Nova Scotia. 

The regular program was as follows: 

W. M. Mann: Notes on the Solomon Islands. An account of a col- 
lecting trip to these idands, illustrated by lantern slides showing the 
topography, flora, fauna, and the various types of natives, their dress, 
habits, implements, and customs. 

N. E. McIndoo: The olfactory sense of lepidopterous larvae. The 
author described experiments conducted to determine if the larvae 
are able to distinguish between various plants offered them as food, 
the result of these experiments proving that they are able to do so. 
The author is of the opinion that this is accomplished by means of an 
olfactory sense and locates the seat of this sense in certain minute 
pits scattered over various portions of the body, each pit connected 
with a sense cell. The structure and position of these organs were 
illustrated by charts and drawings. 

In discussing this paper Mr. Btjsck congratulated Dr. McIndoo 
on his work and commented on the far-rea^ng possibilities it sug- 
gested in economic entomology, when we shall know enough about 
these supposed olfactory organs to tempt the codling moth away 
from the apple by a perfumed bait. He pointed out that the organs 
described by Dr. McIndoo were by no means a new discovery, but 
that at least those of the head were well known by lepidopterists and 
had all been carefully mapped out and named in connection with the 
parts of the head and the head setae. Their position rdative to the 
setae is constant for each species and yields excellent generic and 
family characters, which enable determination merely from a larval 
head capsule. 

Mr. Busck stated that he had hitherto considered the punctures as 
remnants of aborted setae and he still thought they must be consid- 
ered such, modified to serve other senses tiban touch; the setae are 
sense-touch organs and have nerves running to their bases like the 
punctures. As one ground for this view he mentioned that certain 
of tliese supposed olfactory punctures, the ultra posterior punctures on 
the head, in some species bear a .small hair and in others not. 

Mr. Busck criticized and objected to Dr. Mclndoo’s arbitrary num- 
bering of these pmictures, starting on the thorax, continuing to the 
last abdominal segment, and ending with the head. He suggested 
as more rational and simpler to name them after the part of the body 
they are found on, and he thought it common sense to adopt the al- 
ready existing names for tlie head punctures, which were used by 
Heinricli and himself and which were named after the head parts on 
whicli the punctures are situated. 

Dr. Pierce emphasized the bearing that papers like that under dis- 
cussion have on taxonomy and economic entomology, and predicted 
that in future the determination of larvae by the minute characters 
of small fragments will be very generally posable. 
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In r^ly to a question, Dr. Mclndoo stated that the organs that he 
had discussed are, in his opinion, used by the insect in selecting its 
host, but that this is theoretic^. Dr. Baeer stated that similar 
organs in aphids undeigo modification when the insects change to an- 
other host plant for a long series of generations, and that in some cases 
it is possible to determine from this what host plant a given individual 
developed on. Mr. Busck was of the opinion that the lepidoptera 
are not so susceptible to changes in host. 

Notes and exhibition of specimens: Mr. Caudell exhilrited a speci- 
men of the Dectidan Capnobotes fidiginosus Thomas that had fallen 
prey to the wasp Palinodes praestans Kohl, the interesting points being 
that the prey, itself probably predaceous, was killed by a wasp very 
much sm^er than itsdf and that the wasp is the fourth known sped- 
men of its spedes. 

Mr. Wood commented on the fact that living individuals of the woolly 
apple aphis are now present in aerial colonies and attributed this to the 
mild winter. 


R. A. Cushman, Recording Secretary, 



SCIENTIFIC NOTES AND NEWS 

The Division of Mineral Resources of the U. S. Geological Svirvey 
has been reorganized, with Dr. Edson S. Bastest as geologist in charge. 
The section of metals will be in charge of G. F. Loughlest; the section 
of nonmetals, other than fuels, R. W. Stone; the section of mineral 
fuels, C. E. IvESHer; and the section of foreign resources, J. B. Um- 
PEEBY. Mr. H. D. McCaskey, formerly chi5 of the Division, asked 
to be relieved of his administrative duties after the signing of the arm- 
istice in November, and will devote his time to special phases of 
American mineral resources. 

Dr. Samuee S. Adams has been elected vice-president of the faculty 
of Georgetown University, to fill the vacancy caused by the death of Dr. 
Frank Baker. 

Mr. A. D. CoNEEY, associate physicist in the paper and textile 
laboratory of the Bureau of Standards, resigned from the Bureau in 
February to take up special research for the Wm. E. Cooper Company, 
of Baltimore, Maryland. 

Miss Aida M. Doyee resigned from the Bureau of Chemistry in 
February and is now with E* I. du Pont de Nemours & Company, of 
Wilmin^on, Delaware. 

Mr, J. D. Edwards, associate chemist, and Mr. A. D. Beee, assis- 
tant chemist. Bureau of Standards, expect to leave the Bureau in April 
to take up research at the laboratory recently organized by Dr. F. C. 
Frary for the Aluminum Company of America, at Pittsburgh, Penn- 
sylvania, 

Dr. F. C. Frary, formerly of the Oldbury Chemical Company of 
Niagara Falls, who has lately been engaged in war research, first in 
Wa^iington and later at the Edgewood Arsenal of the Chemical War- 
fare Service, is organizing a research laboratory for the Aluminum 
Company of America, at Pittsburgh, Pennsylvania. 

Dr. AeeS HRDEifiKA, Curator of Physical Anthropology in the U* S. 
National Museum, has been elected a member of the American Philo- 
sophical Society, 

Mr, W. H. Keen, formerly general manager of the Chemical Prod- 
ucts Company and metallurgical superintendent of the Washington 
Steel and Or^ance Company, is now factory manager of the U. S. 
Copper Products Corporation, of Cleveland, Ohio. 

Dr. WiEEis T. Lee is on leave of absence from the Geological Survey, 
and is now head of the Department of Geology and Director of the 
School of Engineering Geology in the University of Oklahoma, at Norman, 
Oklahoma. 

Major J. H. Mathews, who has been with the Ordnance Depart- 
ment in Washington, has returned to the University of Wisconsin as 
professor of physical chemistry. 
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SCIKNTIIfIC NOTES AND NEWS 


Prof. Earle B. Phelps, Professor of Chemistry at the Hygienic 
Laboratory, Public Health Service, resigned from the Service on March 
1 , 1919 - 

Professor Edward Charles Pickering, professor of astronomy and 
director of the Harvard College Observatory, and a nonresident mem- 
ber of the Academy, died at Cambridge on February 3, 1919, in his 
seventy-third year. Professor Pickering was bom at Boston, Massa- 
chusetts, July 19, 1846. Excepting the years 1867-1876, during which 
he was Thayer Professor of Physics at the Massachusetts Institute of 
Technology, his entire academic career was spent at Harvard Univer- 
sity. His astronomical work was especially concerned with the photom- 
etiy and ^ectrum photography of the light of the stars. He was a 
member of the National Academy of Sciences, president of the Astro- 
nomical and Astrophysical Society of America, and a member of many 
American and foreign societies and academies. He had been a mem- 
ber of the Academy since 1899, and was one of its nonresident vice- 
presidents in 1915 and 1916. 

Mr. Richard L. Templin, formerly of the Bureau of Standards, is 
Engineer of Tests for the Aluminum Company of America, at New 
Kensington, Pennsylvania. 

Mr. Carl Vrooman, Assistant Secretary of Agriculture, resigned in 
January. Mr. Vrooman will remain for lie present in Europe, where 
he had gone as a member of the Agricultural Commission sent out by 
the Department. 

Mr. F. A. Wertz, associate chemist at the Bureau of Standards, will 
leave the Bureau in March to take up research on varnishes and allied 
products for the Devoe and Ra3niolds Company, Incorporated, of New 
York City. 

Brigadier General John Moulder Wilson, U. S. A., retired, died at 
his home, 1773 Massachusetts Avenue, on February i, 1919, at the ^e 
of 81. General Wilson first came to Washington in 1885, as superin- 
tendent of buildings and grounds, in which capacity he had charge of 
the construction or completion of many of the now familiar structures 
of the dty. He became Chief of Engineers in 1897, and retired in 
1903. He had been for the past fifteen years a member of the Board 
of Managers of the National Geographic Society. 
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CRYSTALLOGRAPHY . — The classificatioii of mimetic (lystah. 
Edgar T. Wherry and Elliot Q. Adams, Bureau of 
Chemistry.^ 

As more or less fully described in all text-books on crystallog- 
raphy, crystals which belong fundamentally to one system or 
symmetry class may at times exhibit features characteristic of 
other systems or classes. This may result from accidents of 
growth, or from the approach of the angles to those of other 
systems, either with or without twinning. It is customary to 
group together part or all of these phenomena under the general 
head of mimicry, mimetism, or mimetic behavior, and to add the 
prefix pseudo- to the name of the system or class to which the 
crystals apparently belong. In discussing certain crystallo- 
graphic relationships, however, it may become desirable to dis- 
tinguish the several types of mimetic phenomena on the basis 
of their underlying causes, and to have ^edal terms, for both 
the original system or class and the one imitated, to apply in 
each case. 

The principal types of mimetic behavior are presented in 
table I, together with prefixes proposed for, and typical illustra- 
tions of, each of them. The prefixes are derived from well- 
known Greek roots, transliterated in accordance with accepted 
usage. The illustrations are drawn from minerals, since the 
features in question are most familiar in them, although the 
greatest use for the classification may prove to be among artifiicial 

I Co&ttibutioa from the CrystaUography and Color Xaboratoties. 
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compounds. The subdivisions arc, it should be noted, not 
mutually exclusive, and one crystal may fall simultaneously 
into two or more of them, although usually most typical of one. 

The names of the crystal systems and classes used are drawn 
largely from Dana, with the following exceptions: cubic in place 

TABLE I. 


Types of Mimetic Phenomena, with Fkbfixbs Proposed, and Illustrations 


{ for original dass, homo- (same) 

General prefixes for the whole group { 

[ for dass imitated, pseudo- (false) 

Cause 

Extrinsic; peculiari- 
ties of habit 

intrinne; aiigle& approaching those of other 
classes 

Crystals twinned 

Crystals simple 

Resulting change an 
apparent increase in 

symmetry 

Prefix for original dass 
Prefix for dass imita- 
ted 

crypto- (hidden) 

pheno- (apparent) 
quartz, crypto- 
trigonal but 
phcno-hexagonal 

1 

am- (upwards) 

syn- (together) 
aragonite, a n a - 
rhombic but syn- 
hcxagonal 

kpto- (slight) 

peri- (around) 
albitc, Icptotri- 
dinic, but peri- 
monodinic 

Illustration 


Resulting change an 
apparent decrease in 

symmetry 

Prefix for original dass 
Prefix for class imita- 
ted 

Illustration 

endo- (within) 

ecto- (witliout) 
copper, cndo-cubic 
but ecto-trigonal 

haia- (downwards) 

para (beside) 
spinel, kata-cubic 
but para-trigonal 

.... 


of isometric; trigonal as a distinct system; and rhombic in place 
of orthorhombic. No changes in the plans of nomenclature here 
proposed will need to be made should the use of other names be 
preferred. 

DISCUSSION OF table I 

Whenever it is desired to refer to mimetic behavior without 
considering the cajise or effect as such, the prefixes homo- and 
pseudo-, signifying, respectively, "the same” and “false,” may be 
used. For instance, the crystallization of the aragonite group 
may be described as “homo-rhombic but pseudo-hexagonal.” 
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The cause of mimetic phenomena may bo, first, extrinsic, or 
connected with influences outside of the crystal, leading to 
peculiarities of habit which may constitute either apparent 
increase or apparent decrease in symmetiy'. It not infrequently 
happens that the only forms present on a crystal possessing a 
low degree of symmetry may be those which the class represented 
has in common with other more sy mm etrical classes. A good 
example of this is quartz, which though actually trigonal and 
trapezohedral, may show only the first order prism and the 
corresponding plus and minus rhombohedrons. If perfectly 
developed, the only symmetry which this combination can show 
is holohedral-hcxagonal. It is here suggested that the true 
class of a substance showing such a relationship be indicated 
by the prefix crypto-, meaning “hidden,” and the class which is 
apparently represented by pheno-, signifying “apparent,” The 
quartz crystals showing only hexagonal forms would then be 
fully described by stating them to be: “crypto-trigonal-trapezo- 
hedral but pheno-hexagonal-holohedral.” Other illustrations are 
pyrite, which is often crypto-pyiitohedral but pheno-holohedral 
cubic; apatite, which is usually crypto-pyramidal but pheno- 
holohedral hexagonal; and so on. 

A still more frequent type of mimetic effect, though not always 
classed as such, is the decrease in apparent symmetry due to 
distortion or irregularity in habit produced by external in- 
fluences. This effect is, indeed, almost universally present 
among crystals, really perfect development being practically 
never met with. Whenever simple descriptive terms are needed 
for this type of relationship, the prefixes endo-, meaning “in- 
side,” and cclo-, “outside,” may be used. To cite a familiar 
example, the metal copper, though well known to be funda- 
mentally cubic, or endo-cubic, is almost always distorted, and 
may be ecto-trigonal, ccto-rhombic, or even ecto-tridinic. 

The second class of causes of mimetic phenomena may be 
termed intrinsic, since essential features of the internal structure 
of the crystal are responsible. The effect is connected with the 
approach of the angles in crystals of one system or dass to those 
of another, and devdops most commonly through more or less 
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multiple twinning. The symmetry is usually increased by such 
twinning, hence good descriptive prefixes are an a-, meaning “up- 
wards” and iyn-, “together.” The common twinned crystals 
of aragonite, for instance, would then be termed: “ana-rhombic 
but syn-hexagonal;” phillipsitc, “ana-monoclinic but syii- 
tetragonal;” boradte, “ana-rhombic but syn-cubic,” and so on. 
Tess frequently the symmetry is decreased by twinning, where- 
upon the original class may be designated by kaia-, meaning 
“downwards” while para- “beside” referring to the individual 
parts of the twins, may be used for the imitated one. Thus 
spinel and other cubic minerals, when twinned on the octa- 
hedron, often become apparently trigonal; they may be de- 
scribed as “kata-cubic but para-trigonal.” 

There is still another situation in which the crystals of one 
system may imitate those of another, consisting in tlic mere ap- 
proach in angular values without twinning or distortion. It 
should be noted here that the prefix hypo- has been applied 
rather extensively to this type of relationship, though it is not 
limited to mimetic crystals, but is used broadly for approach 
of angular values to within 15° of those of the cubic, tetragonal, 
or hexagonal systems. A new term is therefore needed for the 
purpose of the present classification. The prefixes suggested to 
describe this type of relationship are Icpto-, which means slight, 
and peri-, which means around or about. For instance, the 
triclinic plagioclase feldspars, such as albitc, approach the mono- 
clinic orthoclase very closely in angles and habit. The deviation 
of their interaxial angles a and y from 90°, the value character- 
istic of the monoclinic system, is but slight, and tliis can be well 
expressed by calling them “lepto-triclinic but pcri-monocliuic,” 
that is, “weakly triclinic, and approaching mouoclinic angular 
relationships.” Other well-known examples are chalcocite, which 
is lepto-rhombic and peri-hexagonal; muscovite, Icpto-mono- 
clinic and peri-hexagonal; and chondrodite, lepto-monoclinic 
and peri-rhombic. 

In conclusion it may be noted that the purpose of this paper 
is not primarily the development of terms for these types of 
mimetic phenomena, but rather the pointing out that it may at 
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times be useful to distinguish the different types. Even though 
none of the prefixes proposed be thought worthy of general 
adoption by crystallographers, it is hoped that the desirability 
of some method of distinction of the several types will not be 
forgotten, and that in future descriptions of mimetic crystals it 
will rarely be considered sufficient to refer to them only by the 
prefix “pseudo.” 

BOTANY . — Synopsis of the gemts Ochroma, with descriptions of 
new species. W. W. RowleB, Cornell University. (Com- 
municated by Frederick V. Coville.) 

The utilization of the wood of Ochroma has brought that 
genus into prominence during the last few years. The manu- 
facture of buoyancy and insulation products, such as life rafts, 
refrigerators, and parts of lifeboats and aeroplanes, especially in 
connection with the war, has become very extensive. Eighty 
thousand floats made of balsa wood were used in constructing 
the 250-mile submarine mine barrage in the North Sea; war 
vessels as well as transports were in so far as possible equipped 
with balsa life rafts and lifeboats; and special refrigerating trucks 
with balsa as the insulating material were used in France. The 
characteristics of the wood were investigated by the late Pro- 
fessor R. C. Carpenter in a very thorough m ann er and the re- 
sults were published in a paper entitled The properties of balsa 
wood.''- The importance of obtaining first-hand information re- 
garding the quantity of wood available, and of discriminating 
between the usable and unusable wood, led the American Balsa 
Corporation to commission the writer and his son in April, 1918, 
to explore Central America with a view to finding out the amount 
of timber available and to investigate as to the quality of the 
wood and the kinds that grow in different regions. For this 
purpose we spent seven months in Panama, Costa Rica, Nica- 
ragua, and Guatemala. The taxonomic results of the survey 
are given briefly in this paper. 

The wood of the trees of the genus Ochroma is the most notable 
among lightweight woods. It is generally known in Spanisli 

1 Trans. Amer. Soc. Civ. Eng. 8 i: 125. 1917. 
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America as “balsa,” and that word has been transferred to and 
is in general use in tlie United States. Balsa is the Spanish word 
for raft, and it was applied to this tree because the Spanish 
colonists, when they migrated to the New World, found it in 
use by the natives for rafts. Wlien they found a tree obviously 
related to an Old World species, the colonists usually trans- 
ferred the European name to the new tree. Thus, “roble,” 
the Spanish name for oak, was applied to -like trees in the New 
World; but there was nothing in Spain in any way like balsa, 
and so the name of the object for which this wood was used was 
transferred to the tree itself. This name was and still is largely 
confined to countries where the trees were so used, that is, 
Ecuador, Colombia, and Costa Rica. In Nicaragua the tree 
is called “gatillo;” in Guatemala, “cajeto” on the west coast, 
and “moho” and “lana” on the east coast; in Cuba, “lanillo;” 
in Jamaica “corkwood” and “down tree,” or as the Jamaican 
negroes have it, simply “dum.” In these regions it is doubtful 
if it was ever used for rafts. 

Balsa is a very common and conspicuous tree in tropical 
America. It is distinguished not only by its light soft wood, 
but also by its large simple leaves, large solitary flowers, and 
very con^icuous fruit, which is not unlike a cotton boll on a 
large scale. When the fruit is matured, but has not finally 
burst, it looks much like a rabbit’s foot and presumably from 
this the first species of Ochroim to be described received the 
specific name “la^ofus.” When the fruit finally bursts and the 
mass of down falls to the earth, it suggests tlie fur of a rabbit. 
The seeds are enveloped in this fur and arc disseminated by it. 
They resemble small grape seeds and, unlike cotton, the “down" 
is not firmly and permanently attached to the seed. 

The tree of the Greater Antilles was first given a binary name, 
Odinmia lagopus, by the Swedish botanist, Olaf Swartz, in 
1788’ and was more fully described by him four years later.-* 

At about the same time Humboldt collected specimens of 
another species in the upper valley of the Magdalena River in 

1 Prodr. .Veg. Ind. Occ. 98. 1788 

s Act. Stockh. 148 ph 6 * 1792 See also Swartz’s later description, FI, Ind. 
Occ. 21 X143. 1800. 
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Colombia and this was described by Willdenow under the name 
Ochroma lomcntosa. This second species has never been found 
outside the region where Humboldt collected it. Swartz’s type 
locality is “Jamaica, Hispaniola,” but specimens from South 
America, Central America, and the West Indies have been 
universally referred to 0 . lagopus. These two species are the 
only ones recognized in botanical literature at the present time. 

Ochroma is confined to tropical America. Its nearest relative 
in the eastern hemisphere is the baobab tree. It is a relative of 
the “ceiba” {Bombax) and “quipo” (Cavanillcsia), of tropical 
America. 

The species of this genus most frequently occur in the low- 
lands and foothills, though rardy, if ever, where the soil is at all 
affected by brackish or salt water. They have not been dis- 
covered in the higher altitudes, that is, at more than 1,000 
meters above sea level. 

Balsa is usually a second-growth tree, though it does occur 
as an isolated tree in the primeval forest. It appears promptly 
and abundantly where clearings have been made by natural 
agencies, such as floods and fires, or by human cultivations. In 
this respect it might properly be called a tree “weed.” The 
natural seeding in some places produces such an abundance of 
young plants as to suggest weeds in a neglected garden. The 
tree’s growth is very rapid. During the first five or six years 
of its life it may attain a trunk diameter of 60 to 75 cm., an 
average increase in thickness of la or 13 cm. per year. It also 
grows very rapidly in height, often attaining under favotable 
conditions 16 or 20 meters in five or six years. This gives it a 
place among the most rapidly growing trees known, if indeed 
it is not the most rapid of all. 

In the natural state, the wood is very perishable. One rarely 
sees the remains of trees of balsa in the tropical forests. They 
decay with apparently the same rapidity as a cotton fabric; the 
wood absorbs moisture readily and shrinks and warps badly. 
This is due undoubtedly to Ihe feeble lignification of the c^ 
walls and to the lack of aseptic properties sudi as the timber of 
oak and pine possess. It was only when the engineers of the 
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American Balsa Company, after protracted investigation and 
experiments, overcame these defects that the wood could be 
fabricated into valuable products. 

The leaves of Ochroma, even on an individual tree, arc variable. 
The seedlings of the different species are much more difficult to 
distinguish, one from the other, than are the mature trees. 
Even in the case of two species so distinct as 0. coticolor and 0. 
limoncnsis the seedlings are very much alike. We have based 
our descriptions upon the leaves of mature trees. The flowers, 
however, are characteristic for each of the seveial species, though 
tliey vary in shape, size, and texture. 

T.-tBLB I. 

Approximatb Timb of Flowering and Fruiting of Ochroma 

Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. (Jet. 


coticolor Fl. FI. Fr. Fr 

lagopus Fl. Fl. Fr. Fr 

limonensis Fl. Fl. Fr. Fr 

grandiflora Fl. Fl. Fr. Fr. 

tomentosa Fl.? Fl. Fl. Fr. Fr 

velutiua Fl. Fl. Fr. Fr 

bicolor Fl. Fl. Fr. Fr 

boliviana Fl. Fl. Fr. Fr 

obtusa Fl. Fl. Fr. Fr 


The species of Ochroma diJEferentiate into two classes as re- 
gards time of flowering and fruiting. In one group the fructifica- 
tion takes place in the months of November and April; in the 
other flowers and fruits develop from May to October. 

Table i is based on our observations in Central America, 
supplemented by an examination of herbarium specimens and 
notes by collectors. Five of the species bear flowers and fruit 
in one season of the year and four in the other season. So far 
as we could learn, the season of flowering is clearly marked. 
For example, no flowers or fruit were to be found on the Eim6n 
balsa (0. limonensis) from December to March, while both were 
present in profusion from May to August. On the other hand 
no flowers or fruit were to be found on the Guapiles balsa (0. 
bicolor) from May to August, but an abundanee oceurs from 
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November to February. These species grow in contiguous 
regions and, though they may overlap somewhat in distribution, 
they are nevertheless distinguished by well marked morphological 
characters. 

With the exception of 0 , limonensis all these species flower 
and fruit in the dry season of their respective regions. In 
northeastern Costa Rica there is no well defined dry season 
and this probably accounts for the exceptional flowering period 
of 0. limonensis. 

Key to Species 

Ca^TC lobes carinate. Outer sepals triangular acuminate, 
leaves thin, green on both sides, conspicuously 5 to 7-lobed, glabrous 


or nearly so i. (). concolor. 

Leaves thick, rusty-pubcsccnt, at least beneath, obsoletely 3 to 5- 
lobed. 

Flowers 10 cm. long 2. 0 . lagoptis. 

Flowers 15 cm. long or more. 

Calyx tube cylindric 3. (>, lhno}icnsis. 

Calyx tube widened upward 4. 0 . grandiflora. 

Calyx lobes not carinate. 

Leaves repand-deiitate 5. O, tomentosa. 

Leaves not repand-dentate. 

Cab^x lobes triangular, acute, coriaceous. 

Leaves rusty-tonientose on both sides, the hairs 5 to 7- (mostly 
6)branched 6. 0 . vclutina. 


Leaves glabrous and dark green above, white and stellate- 
pubescent beneath, the hairs 10 to i5-(mostly i2)branched. 

7. 0 , bicolor, 

Cal3os lobes elliptic or orbicular, obtuse, herbaceous. 

Calyx lobes elliptic; leaves densely velutinous beneath. 

8. 0. holmana. 

Calyx lobes orbicular; leaves scantily pubescent beneath. 

9. 0. obiusa, 

I. Ochroma concolor, n. sp. Barrios bai^sa. 

A tree attaining 25 meters in height and i meter in diameter, in 
woodlands developing a long, smooth trunk, in the open a short trunk 
and a round, symmetrical top; hcartwood in older trees red, wet, and 
heavy, the wood of young trees white and light; leaves thin and mem- 
branous, large and conspicuously lobed, with 5 to 7 acute lobes 
separated by broad, convex sinuses, green and glabrous on both sides 
except for a few tufts of brownish tomentum on the primary veins 
beneath; stipules large, ovate, with prominent midribs; flowers 10 
cm. long, glabrous; calyx tube 6 cm. long, glabrous within; calyx lobes 
very dissimilar, 2 cm. long, the outer 2 acuminate, with a prominent 
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keel on the back, the inner 3 oblong, keeled, with expanded margin; 
pod 12 cm. long; seed with a short, stout fimide. 

Type in the U. S, National Herbarium, no. 862345, collected at 
Trece Aguas, Alta Verapaz, Guatemala, May 9, 1914, by 0 . F. Cook 
and C. B. Doyle (no. 82). The following Guatemalan specimens 
in tlie National Herbarium also represent this species: Mrs. William 
Owen II, 1 1 A; Goll 230. The flowers are borne in December and 
January and the fruit in February and March. 

This species is very different from any other of the genus. It is 
known only from the country surroimding the head of the Bay of 
Honduras. It has not been reported from outside of Guatemala, but 
undoubtedly grows in adjacent Honduras and British Honduras, and 
in all probability in southern Yucatdn. It occurs throughout the lower 
Motagua Valley from above Quirigua to the sea. Well developed 
trees are found on the reservation containing the Maya ruins, near 
Quirigua. It also occurs rather abundantly in the valley of Lake 
Izabal and the Golfete. 

Goll reports the name “kapok;** Mrs, Owen gives the Indian names 
“jujul** and “puj.** The local names given us were “lana** and 
“cajeto.** 

There arc two distinct species of Ochronm in northeastern Guate- 
mala. In addition to the one characterized above, there is another 
which is probably specifically identical with the species of northern 
Costa Rica. Ochronm concolor grows on lower ground than the Costa 
Rican species or, indeed, than any other species of Ochroma known to 
us. In the Great Swamp, along the San Francisco del Mar' River, 
cast of Barrios and west of the mouth of the Motagua, many largo 
trees occur on ground that is inundated a considerable portion of the 
year. The species occurs also on higher ground, as on tlie hospital grounds 
at Quirigua, as well as near Virginia and along the Tomeja River. 

2, Ochroma lagopus Swartz, Prodr. Veg. Ind. Occ. 98. 1788. 

West Indian balsa. 

Up to the present time, all the species of the genus except Ochroma 
ionientosa WiUd. have been included under this name, which, there is 
every reason to believe, should be restricted to include only forms 
that grow in the West Indies. 

Smaller in size than the preceding species, usually not exceeding 30 
cm. in diameter and 18 meters in height; leaf blades small (15 to 20 
cm.), brown-tomentose to nearly glabrous; flowers small, 10 cm. long; 
calyx tube 6 cm. long, the lobes 2.5 cm. long, 2 cm. wide at the base 
and 4.5 cm. at the summit, prominently carinate on the back. — ^Flowers 
borne in February and March; fruit in April and May. 
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Known in Cuba as “lanero;’* in Jamaica as “corkwood/' “down- 
tree/’ “dum," and “bombast mahoe.” 

Cuba: Eastern Cuba, 1856-57, C. Wright 38; San Luis, Oriente, 
April 2, 1909, Button 2334; Sevilla Estate near Santiago, August 31, 

1 906, W. Taylor 140 (a tree 30 meters high, the trunk 28 cm. in diameter) . 

Hispaniola: Taradia, prope Barahona, 1910, Tuerckheim 2826; 
without locality, Wright, Parry & Brmmnel 20, 21. 

Porto Rico: Manati, April 4, 1887, Sintenis 6766; Utuado, March, 
1906, M. A, Howe; San Juan, December, 1898, Dignowilz 780. 

Jamaica: Castleton, March 21, 1915, Harris 11962. 

3. Ochroma limonensis, n. sp. Lim6n balsa. 

A tree of very rapid growth, attaining large dimensions, up to a 

meter in diameter and 30 meters in height; bark gray, somewhat 
mottled; wood white, the annual rings indistinguishable; leaves large, 
nearly orbicular, 25 cm. across, obsoletely 3- to 5-lobed fthe margin 
entire), nearly or quite glabrous above, refescent-tomentose beneath; 
hairs 7 to lo* (mostly 8) branched; flowers 18 cm. long, yellowish 
white; calyx tube 9 cm. long, cylindric, glabrous but warty on the out- 
side, hairy within; calyx lobes acuminate, carinate on the back, 4 cm. 
long, 2 cm. wide at the base, the inner with feltlike margins; pods, 15 
cm. long; funicle about half as long as the seed. — Flowers borne in 
May and June; fruit in July and August. 

This is the balsa of the lowlands of the Caribbean coast of Costa 
Rica and Panama, extending as far west as the Reventaz6n River, 
Costa Rica, and east into Panama. Fine groves have developed along 
the Banana, Bananito, Estrella, and Sixaola Rivers. Our nos. r, 2, 
and 3 are of this species, no. i, collected on San Clemente Farm east 
of the Bananito River, Costa Rica, being the type. No. 2 is from a 
tree at Zent; no. 3 was collected near Moin Junction. The Zent tree 
is of special interest. It was started as a seedling in April, 1915, and 
was photographed September 15 th of that year. When measured by 
us in May, 1918, it was 16 inches in diameter, and had therefore grown 
at the rate of five inches per year. Local observers agree that this 
individual is not in any way exceptional. 

4. Ochroma grandiflora, n, sp. Ecuador balsa. 

A tall tree with mottled gray bark and very light wood; leaves on 

mature trees nearly entire, orbicular, 20 cm. wide, on young trees 
lobed, very large (up to 90 cm.), rufescent beneath, glabrous above; 
flowers 15 to 18 cm, long, showy ; calyx tube 7 cm. long, spreading above, 
3 cm. wide at the base, 7 cm. wide at the top, granular-puberulent out- 
side, hairy within; calyx lobes 4 cm. long, 3 cm. wide at the base, 
carinate, the inner ones broadly margined; petals large and showy, 
exceeding the stamens and style, the limb 5 cm. broad, gradually 
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narrowing into a broad claw 2 cm. wide, prominently parallel- veined. — 
Flowering in July and August; fruiting in September and October. 

Type in the U. S. National Herbarium, collected below Huigra, 
Rcuador, in 1918, by J. N. Rose (no. 22,604). ^so collected at 
Hacienda I^a Josefina, San Carlos, Ecuador, September, 1918, by 
Capt. Claussen. 

5. Ochroma tomentosa Willd. Ennm. Hort. Berol. 695. 1809 

HUMBOIvDT'S bai^a. 

The original description of this species is as follows: “O. foliis 
cordatis subtrilobis repandis, subtus tomentosis.” It was based on 
specimens collected by Humboldt and Bonpland in “America Meri- 
dionali,’" and was reported from Colombia by Triana and Planclion 
ill 1862.^ It has been collected recently by Rusby and Pennell (no. 
271), July 24, 1917, at Quebrada de Angeles, above Natagaina, De- 
partment of Huila, Colombia, and also by Pennell (no. 3557), at 
Honda, Department of Tolima, Colombia. The collectors noted it 
as a large tree with white petals. 

The calyx tube is very coarsely and densely tomentose with brown 
hairs; the tube is short and broad. Most characteristic of the species, 
however, are the repand dentations, i cm. apart, evenly distributed 
around the margin of tlie leaf, giving it the appearance of the leaf of 
Popitlus grandidcntata. 

Ochroma tomentosa has not been reported beyond the limits of the 
upper Magdalena River in Colombia, a region through which Hum- 
boldt’s expedition passed. 

6. Ochroma velutina, n. sp. Red Pacific Coast bai.s.\. 

Wide-spreading tree, usually bifurcately branched, with smooth, 

light gray bark; heartwood reddish; young shoots and leaves den.sely 
velvety-lomentose ; leaves ovate, with wide sinuses at the base, ob- 
soletely 3-lobed, or more often entire, the lobes when present rounded ; 
blades variable in size, thick and firm, longer than broad; stipules 
brownish tomentose, i to 1.5 cm. long and half as wide, when large 
inclined to be auricula te and notched at the side, when small, oblong 
and rounded at the apex; flowers small, about 8 cm. long, the pedicels 
of about the same length, calyx tube firm and woody, cylindric, 4 cm. 
long, glabrous externally at maturity, within densely clothed with 
ascen<fing appressed brown hairs, calyx lobes very dissimilar, the 2 
outer triangular, 1.5 cm. long, the inner 2.5 cm. long, with wide felt- 
like margins; petals about 8 cm. long, broadened toward the apex; 
pod 10 to 15 cm. long, tapering at the ends. 

Type in the U. S. National Herbarium, no. 472290, collected “dans 
les for^ts et p^turages de Nicoya,“ Costa Rica, February, 1900, by 

^ Ann. ScL Nat. IV. Bot. 17: 323. 1862. 
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A. Tonduz (no. 13,498). The following additional specimens have 
been seen: El Salvador, Renson 86; Bismarck, Panama, Williams 
607, Anc6n Hill, Panama, Bro. Celestine 119. The following are our 
own collections: Orotina, 94; Zapotal, 6; Abangarez Pueblo, 5; 
Tempisque, 113, 170, 189; all from Costa Rica. We collected it also 
at Escuinlla, Guatemala. 

The flowers are borne in December, January, and February. The 
fruit matures in February, March, and April, that is, the dry season 
of the region where the tree occurs. 

This is the smallest-flowered species known. It is widely distributed 
on the Pacific slope of Central America from sea-level up to 500 or 
600 meters and may be the form mentioned by Tonduz as “carac- 
t6ristique pour la zone inf6rieur c6tes nord et ouest de Cocos Island, alt. 
0-100 m.’^ 

Ochroma velutina differs from the other species in the following 
respects: Its wood is harder and heavier; the leaves are densely 
velutinous on both sides, are nearly or more often quite entire, and are 
noticeably longer than broad, with a wide sinus at the base; the flowers 
are small; and the calyx tube is cylindric, firm, and woody. 

7. Ochroma bicolor, n. sp. GuAPmES balsa. 

A tree attaining large size, 25 meters liigh and i meter in diameter, 
with long, straight bole in the forest, and cxcurrent in habit when 
growing in the open; bark mottled gray and white; leaves chalky white 
with minute stellate hairs beneath, these 12 to 2o-(mostly 2o)branched, 
dark, glistening green and glabrous above, thick and leathery, tending 
to be acuminate, especially on the older trees, nearly as broad as long, 
about 32 cm. across, with 2 to 4 obsolete primary lobes on each side, 
the margin between these usually regularly and very shallowly sinuate- 
lobed, with a vein terminating in each secondary lobe, the marginal 
vein prominent; flowers with petals strongly reflexed at anthesis, 10 
cm. long with petals extended; calyx tube firm, 5.5 to 6 cm. long, 
grauular-puberulent outside, silvery-sericeous within; calyx lobes 1.5 
cm. lung, plane on the back, triangular, acute, the inner ones with 
felted margins; petals white, abruptly expanded above, the claw 1 
cm. broad, tlie limb orbicular, 3 cm. in diameter; stamen tube and 
stigma equal in length, slightly shorter tlian the extended petals, much 
exceeding the recurved petals at anthesis; mass of anthers as broad as 
long; pod, 16 cm. long; down, light-colored; seed with very short or 
obsolete funicle, 4 mm. long, 2 mm. thick. — ^Flowering in November 
and December; fruiting in January, February, and March. 

The type is our no. 10, collected on the founds of the residence of 
Superintendent J. H. Wilson of the United Fruit Company, at Guapiles, 
Costa Rica. We also collected this species at Gudeimo, along the 
Parisima River. It is abundant throughout the whole region known 
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as the Llanuras de Santa Clara, Costa Rica, at a general elevation of 
about 250 meters. The only specimens we have seen in herbaria arc 
Captain J* D. Smith’s no. 6,453, from Ta Emilia, Costa Rica, collected 
in April, 1B96, and C. P. Baker’s no, 2,149, from Chinandega, Ni 
caragua. 

This species is very abundant in nortliein Costa Rica fiom the 
Reventazdn River north to T^ake Nicaragua. It grows on higher land 
than the Tim6n balsa, and while the two species grow in contiguous 
districts they do not overlap to any great extent. It extends up the 
Turrialba Volcano to a height of a thousand meters or more, and un- 
doubtedly occurs on the whole northerly slope of the central cordillera 
of Costa Rica. 

When in leaf only, and especially with young trees, this species 
closely resembles the Timon balsa, but the flowers are markedly different. 
The pubescence, general outline, and texture of the leaves, as well as 
the period of flowering, clearly distinguish the two species. 

8. Ochroma boliviana, n. sp. BotmAN bausa. 

A tree 8 to to meters high, the trunk 20 to 25 cm. in diameter, leaves 

obsoletely 3-lobed (the margin undulate bul not denticulate), nearly 
orbicular, 30 cm, in diameter, glabrous and dark green above, tawny 
white and densely velvety beneath; calyx tube 5.5 cm. long, granular- 
puberulent outside and densely white-tomentose within; calyx lobes 
herbaceous-membranous, elliptic, acute, 4 cm. long, 2 cm. wide, the 
inner ones not sharply differentiated into mar^n and keel, stellate- 
pubescent without, densely white-tomentose within; petals conspicu- 
ously parallel-veined and expanded above, protniding 5 cm. beyond the 
calyx lobes, 5 cm. broad above. 

PMdently very showy in flower, suggesting the northern tulip tree. 
Flowers borne in July and August; fruit in August and September. 

Known only from the following specimens, in the herbarium of the 
New York Botanical Garden, all from the northeastern part of Bolivia 
in the vicinity of Mapiri: Mapiri, July-August, 1892, Bang 1501 (type); 
junction of the rivers Beni and Madre de Dios, August, i886, RnU>y 
1927; Mapiri, September 23, 1901, Williams 714; “San Carlos region de 
Mapiri, 15® lat. sur,” September, 1907, Buchtim. Vernacular names 
“tami” and “palo de balsa.” 

9. Ochroma obtusa, n. sp. Santa Marta bai^sa. 

A tree 10 to 15 meters high; twigs glabrate; leaves 20 by 20 cm., 

conspicuously 3-lobed, the sides of the lobes straight, giving the ap- 
pearance of a maple leaf, glabrous or nearly so above, scantily covered 
with slender branched hairs beneath; flower, 14 cm. long; calyx tube 
5 cm. long, spreading above, at first granular-puberulent, becoming 
glabrate; calyx lobes nearly uniform in outline, not carinate, nearly as 
broad as long, 3 cm. long, densely tomentose on back, ciliate; petals 
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surpassing the cal3nt lobes, oblong-spatulate, 3.5 cm. wide, conspicu- 
ously parallel-veined. 

Type in the herbarium of the New York Botanical Garden, collected 
at Mamatoca, Santa Marta, Colombia, 1898-99, by Herbert H. Smith 
(no. 829). The collector states that the tree is “common locally near 
streams, at 500 to 2,500 feet. Flowers in December and January. 
Petals pale yellowish. The silk enveloping the seeds is used for pillows, 
etc., and is sold in the market (as ‘lana’) at Santa Marta. It is 
collected m May, when it is found scattered on the ground under the 
trees.” We also refer to this species Broadway no. 4,418, collected 
March 8, 1913, in Tobago; also P^re Duss. no. 3,634, April 10, 1895, 
from Guadelupe, and his no. 185, from Martinique, although the last 
two collections do not entirely agree with the type. 

ORNITHOLOGY . — Diagnosis of a new genus of Bucerotidae. 

Harry 0 . Obrrhoeser, Biological Survey. 

The family Bucerotidae at the present time is represented in 
the Philippine Islands by four genera. One of these, however, 
llydrocorax Brisson, proves to be composite. This genus Hy- 
drocorax was first instituted by Brisson for Biueios hydrocorax 
Linnaeus;' much later (1880) another species, Bitccros min- 
danensis Tweeddale, was added by Elliot; and subsequently still 
another, Buceros semigakaliis Tweeddale, was referred to this 
group. The last-mentioned species, however, is clearly not 
congeneric, and should form the type of a separate raonotypic 
genus which we here call: 

Plalycorax,® gen. nov. 

Diagnosis . — Similar to Hydrocorax Brisson, but casque entirely 
different: in superior aspect smaller, shorter, and narrower in generd 
outline (although the bird is actually larger), posteriorly narrower and 
not so truncate, the anterior portion sharply mucli constricted, so 
that the anterior third is much narrower than in Hydrocorax, and 
concave in outline instead of evenly convex throughout its length: in 
lateral aspect completely flattened anteriorly, with no vertical pro- 
jection, tiie whole bill therefore much less in height;-’ feathered inter- 
ramal ^ace relativdy as well as actually broader. 

Type. — Buceros semigaleatus Tweeddale. 

' llydrocorax Brisson, OmiUi. 4; 565. 1760. (Type by taiitonymy, Buceros 
'hydrocorax I,innaeus.) 

* fl-Xorifc, latns; M>pa|, corvus. 

» These differences in the shape of the casque are weU shown by the figures given 
in the Proceedings of the Zoological Society of I,ondon for 1878, pages 278-279, 
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Retnarks.—Tids new genus differs so much from the other Philippine 
genera, and in fact from all of the genera of the Bucerotidae, that a 
close comparison is scarcely necessary. It is, of course, apparently 
most nearly allied to Hydrocorax, although it is so different in ap- 
pearance from Hydrocorax hydrocorax, the type of that genus, tliat it is 
rather remarkable that it has not been separated before. It should be 
stated, however, that Dr. Edgar A. Mearns had noticed the very 
striking structural characters in Hydrocorax semigaleaius Tweeddale, 
and just before his untimely death had planned to create a new 
generic group for this species. 

The third species commonly referred to the genus Hydrocorax, 
Hydrocorax mindanensis (Tweeddale), has a smaller casque than 
Hydrocorax hydrocorax, but it is of the same .shape, and the species is 
without doubt correctly placed in the same genus. The type of our 
new genus, Platycorax semigaleatus (Tweeddale), is, therefore, its only 
.species. 

The only other generic name applied to any species of Hydrocorax 
is Platyceros Cabanis and Heine,* the type of which is Hydrocorax 
hydrocorax; so that it is, of course, a synonym of Hydrocorax Brisson. 

By the present separation of Platycorax, there are now five genera 
of Bucerotidae in tiie Philippine Islands, of which four, including 
Platycorax, are endemic. 

* Mu'?. Hein. 2: 174 i860 
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PHYSICS. — The decrease in ultra-violet and total radiation with usage 
of quartz mercury vapor lamps, W. W. Cobi^iSNTz, M. B. Long, 
and H. Kah^i^r. Bur. vStands. Sci. Paper No. 330. Pp. 20. 
1918. 

It is well known that the radiations emitted by quartz mercury vapor 
lamps decrease very markedly in intensity with usage of the lamp. The 
object of this investigation was (i) to devise methods for determining 
quantitatively the decrease in intensity of the emission with usage and 
(2) to make preliminary measurements on radiant power life-tests of 
quartz mercury vapor lamps. 

The measurements of the radiations from these lamps were made 
by means of a thermopile. The ultra-violet rays were absorbed by 
means of a yellow glass and by this means it was possible to study the 
decrease in the ultra-violet radiation as well as the decrease in total 
radiation with usage of the lamp. It was found the intensity of the 
total radiation as well as the ultra-violet component, decreases to about 
one-half of its initial value in the coiu*se of 1,000 to 1,500 hours. 

W. W. C. 

PHYSICS. — Nciv Baum^ scale for sugar solutions, Frederick Bates 
and H. W. Bearce. Bur. vStands. Tech. Paper No. 115. Pp. 
n. 1918. 

Many different Baum^ scales have been proposed and used in the 
past. At the present time there arc still in use in the United States 
three different scales for liquids heavier than water. Two of these, 
namely, the “Holland'' scale and the “Gerlach” scale are used in sugar 
work. Neither is adapted to modem requirements. The new scale 
lies between the “Holland" and “Gerlach" scales and has three im- 
portant advantages which should commend it for general use. They 
are; 
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1. It is based upon the specific gravity values of Plato, which are 
considered the most reliable of any available. 

2. It is based on 20® C., the most convenient and widely accepted 
temperature for sugar work. 

3. It ife based on the modulus 145, whicli has already been adopted 

by the Manufacturing Chemists Association of the United States, 
by the Bureau of Standards, and by all American manufacturers of 
hydrometers. H. W. B. 

vSPRCTROSCOPY. — Measurements of wave-lengths in the spectrum of 
neon, Krivin BxniNS, W. F. Mrggrrs, and P. W. Mrrriij,. 
Bur. Stands. Sci. Paper No. 329. Pp. 10. 1918 

The lines in the neon spectrum are very sharp, a quality which 
recommends this gas as a standard source wherever the lines have 
sufficient strength. The ultra-violet group between 3,369A and 3,52oA 
may be used for standards, and there are a few good infra-red lines, 
but the strength and distribution of the lines in the region 5,852A to 
7, 438 A make the neon spectrum particularly useful as a comparison 
in this region. 

The wave-lengths of fifty-five lines in the neon spectrum have been 
measured by means of the interferometer. These lines lie in the region 
3,369A to 8,495A. The strong lines in the visible region of the spec- 
trum have been observed with great accuracy, the probable error 
being one part in several millions, or less than one-tenth tlie width 
of the line. These strong lines were observed by means of three differ- 
ent pairs of interferometer plates which were each used on several 
interferometers. The ultra-violet lines and all the strong lines in the 
visible were compared directly with the fundamental standard 6,438A. 
Some of the deep red and infra-red lines were compared witli well- 
determined lines in the visible neon spectrum. 

One hundred and eighty-nine faint lines in the visible and infra 
red neon spectrum have been measured by means of a concave grating. 
The probable error of these grating measurements is otie or two hun- 
dredtibs angstrom. The region covered by the grating observations 
extends from 5,343A to 8,783A. 

The constant differences discovered by Watson are found to hold 
with remarkable exactness in the case of lines which are strong enough 
to be measured with the highest accuracy. In fact, the differences 
are exactly constant within the limits set by the accuracy of the wave- 
lengths. K. B. 
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ELECTRICITY.— ii/cc/nVaZ oscillations in antennas and inductance 
coils. John M. Mh^IvER. Bur. Stands. Sci. Paper No. 326. Pp. 20. 
1918. 

'I'hc mathematical theory of circuits having uniformly divstributed 
clecU-ical characteristics, such as cables, telephone lines, and trans- 
mission lines, is applied to the o^fcillations in antennas and inductance 
coils. 

It is shown how the frequency of the natural oscillation of an antenna 
nia}'^ be determined analytically or graphically when inductance coils 
or condensers are inserted in the lead-in. Expressions are derived 
which permit the calculation of the effective resistance, inductance, 
and capacity of the antenna and it is shown that in so far as frequency 
or wave-length computations are concerned the simple formula applica- 
ble to ordinary circuits with lumped constants gives veiy accurate 
results. Experimental methods are given for determining the effec- 
tive and static or low-frequency values of the antenna constants. 

Inductance coils are likewise treated from the standpoint of tlie 
theory of distributed characteristics. Expressions are obtained for 
the reactance of the coil at any frequency and for the natural oscilla- 
tions of a circuit of coil and condenser. It is further wShown that, in so 
far as the frequency of oscillation is concerned, an inductance coil with 
distributed characteristics is equivalent to a pure inductance of con- 
stant value with a constant capacity across its terminals. Excepting 
for skin effect, this pure inductance would be the same as the low- 
frequency inductance of tlie coil. This explains a fact which has been 
frequently observed experimentally, in particular for vsingle layer 
solenoids. J. M. M, 

CERAMIC CHEMIvSTRY . — The calculation of the rational analysis 
of clays, Henry S. Washington. Journ. Amcr. Ceram. Soc. 
1: 405-421. June, 1918. 

This paper discusses briefly the factors that render the so-called 
“rational” analysis of clays uncertain, erroneous, and of little or no 
value for any purpose. A method for calculating from the chemical 
analysis the mineral composition, generally quartz, feldspar, and 
kaolin, is suggested, which is an application of the principles and method 
of calculating the “norm” of igneous rocks. In the case of days the 
procedure is of great simplicity and accuracy, is very expeditious after 
the chemical analysis has been made, and yields results of great re- 
liability. H. S. W. 
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CERAMIC CHEMISTRY . — The effect of certain impurities in causing 
milkincss in optical glass. C. N. Fennbr and J. B. Ferguson, 
Journ. Amer. Ceram. Soc. 1: 468-477. July, 1918. 

In the manufacture of optical glass at one of the plants, a matter 
which gave considerable difficulty for a while was the occasional produc- 
tion of pots of glass which were affected by opalescence or milkincss. 
The evidence indicated that the source of the trouble lay in the sulphate 
and chloride content of the potash. The trouble disappeared when more 
reliable methods of temperature-control were installed, by which an 
assurance could be had of keeping the temperatures constantly at 
1400* to 1420® C. Later, c\ddencc was obtained which comiectcd the 
milkiness quite definitely with the impurities mentioned, at least as 
regards the case imder discussion, although in other cases the same 
effect is to be ascribed to other causes. Reasons are given for the con- 
clusion that the milkiness is caused not by the separation of sulphates 
or chlorides themselves, but to some slight change in the physical 
properties of the melt which permits the separation of clouds of minute 
crystals of cristobalite. R. B. Sosman. 

BOTANY, — Naming wheat varieties. CaruETon R. Bauu and J. 
Aelen Clark. Joum, Amer. Soc. Agron. 10 : 89-94. February, 
1918. 

Crop varieties should be designated by names that are short, simple, 
appropriate, easily spelled, and easily pronounced. The multiplication 
of names and other designations for crop varieties has been carried to 
great extremes. Present designations may be classed as follows: 
(i) Names, as Fultz or Kubanka; (2) descriptive phrases, as Early 
Red Clawson; and (3) numbers, as Minnesota no. 162. The existing 
confusion in names renders difficult the interpretation of published 
results of experiments. This confusion occurs in two principal ways: 
(i) The same name is applied to very different varieties in different 
parts of the country; (2) the same variety passes under several different 
names in different parts of the country, or even in the same part 

It is desirable to prevent a continuation of such practices and to 
attempt a solution of the problems already existing. Accordingly, a 
brief but comprehensive code of nomenclature has been formulated. 

CODE OE NOMENCLATURE 

I. Eligibility to naming. No variety shall be named unless (o) 
distinctly different from existing varieties in one or more recognizable 
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characters, or (b) distinctly superior to them in some character or 
quality ; and unless (c) it is to be placed in commercial culture. 

2. Priority. No two varieties of the same crop plant shall bear 
the same name. The name first published (see Rule 4) for a variety 
shall be the accepted and recognized name except in cases where it 
has been applied in violation of this code. 

j. Form of names. The name of a variety shall consist of a single 
word. 

4. Publication. A varietal name is established by publication. 
Publication consists (i) in the distribution of a printed description of 
the variety named, giving its distinguishing characters, or (2) in the 
publication of a new name for a variety properly described elsewhere, 
such publication to be made in any book, bulletin, circular, report, 
trade catalog, or periodical, provided the same bears the date of issue 
and is distributed generally among agronomists and crop growers; or 
(3) in certain cases the general recognition of a name for a commercial 
variety in a community for a number of years may be held to con- 
stitute publication. 

Paragraphs i to 4 have numerous additional clauses not given here 
which explain or interpret the rule. Paragraphs 5 and 6 deal with formal 
citation and with changes, respectively. 

This code, essentially as presented, was officiall}’^ adopted by the 
American Society of Agronomy in November, 1917. 

C. R. B. 

BOTANY . — Effects of various salts, acids, germicides, etc., upon the 
injectivity of the virus causing the mosaic disease of tobacco, H. A. 
Allard. Journ. Agr. Res. 13: 619-6^7. June 17, 191S. 

The virus of the mosaic divsease of tobacco was treated for various 
])eriods of time with different concentrations of acids, salts, etc., to 
determine their effect upon the infectivity. Nitric and hydrochloric 
acids, except in concentrations approaching one gram in 50 to 100 cc. 
of \drus solution, alfected the infectivity but little. Somewhat stronger 
solutions of citric, phosphoric, and acetic acid were required to affect 
the virus. Manganese sulphate, sodium chloride, aluminium sulphate, 
lithium nitrate, sodium nitrate, lead nitrate, silver nitrate, and mercuric 
chloride affected tlie virus but little under the conditions of the experi- 
ments. Carbolic acid, creolin, cresol, and phenol affected the infective 
principle only slightly under the conditions of the experiments, and 
there was no appreciable difference in their relative effects. Acetone 
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debtroys the infective principle much less readily than ethyl alcohol. 
In ethyl alcohol the infective principle is destroyed rather quickly in 
alcoholic solutions stronger than 50 to 55 per cent. Eighty per cent 
alcoholic strengths killed the virus in less than half an hour. Chloral 
hydrate, benzoate of soda, quinine bisulphate, naphthalene crytitals, 
camphor, thymol, and glycerin, except in very strong solutions, reduced 
the infectivity of the virus but little. The virus shows itself con- 
siderably more susceptible to solutions of formaldehyde, a 4 per cent 
strength destroying the infective principle very quickly. When the 
virus is mixed with talc, kaolin, or soil, it frequently loses its infectious 
properties more quickly than when merely bottled without the addition 
of any preservative. H. A. A. 

PHYTOPATHOLOGY . — A i^crions cclworm or ncmalodc disease of 
wheat L. P. Byars. U. S. Dept. Agr. Circ. 114. July, 1918. 

During the past year the eelworm disease of wheat, caused by 
Tylenchus triiici (Stcinbuch) Bastian and long known in Europe, has 
been found causing a great deal of damage in certain parts of the 
United States, particularly in Virginia. Recent examinations have 
shown a loss in some fields of as much as 40 per cent of the crop. 

Wheat spikelets affected by the disease contain in place of the normal 
kernels dark, hard galls filled with larvae of the nematode. These 
larvae escape from the galls into the soil, reach the young seedlings, 
become located between the leaf sheaths near the bud and are passively 
elevated to the spikes. There they enter the yoimg flowers and pro- 
duce the galls within which they develop to maturity and lay eggs. 
The latter give rise to larvae and in this way their hfe cycle is com- 
pleted. 

The disease may be controlled by the use of clean seed, crop rota- 
tion, and sanitation. If tminfected seed cannot be brought in from 
localities where the trouble does not occur the sound giain may be 
separated from the nematode galls by floating off the latter in water. 

L. P. B. 



PROCRRDINOS OF THE ACADEMY AND AFFIEIATED 

SOCIETIEvS 

BTOEOOICAE SOCIETY OF WASHINGTON 

The 589th regular meeting of the Society was held in the Assembly 
Hall of tlie Carnegie Institution, Saturday, January xi, 1919; called 
to order at 8.00 p.m. by President Smith; 26 persons pr&sent. 

( )n recommendation of the Council the following named persons were 
elected to merabersliip : Guoroi? Wiu,BTT, Los xVngeles, and Wai,tbr 
M. Gippard, Honolulu. 

Deaths of the following named members were noted; Dr. Howard 
E. Ambs and Dr. W. T. Foster. 

The annual report of the treasimer was received and accepted. 

Prof. A. vS. Hitchcock presented the following proposed amendment 
to the by-laws: The President shall not be eligible for immediate 
reaction. To follow at the end of first paragraph of Article II of the 
bylaws. 

President Smith annoxinced the membership of the Committee on 
Communications as: A. S. Hitchcock, D. 0. Howard, A. Wetmork, 
R. E. Coker, J. W. Gideby; and of the Committee on Publications 
as: C. W. Richmond, J. H. Rieey, Ned Dearborn, W. I<. McAtbb. 

Under the heading of Brief Notes, Prof. A. S. Hitchcock referred 
to the work of the Committee on Generic Types of the Botanical 
Society of America, of which he is chairman. Under the same heading 
President Smith referred to the mild winter .so far experienced and its 
effects on the unasual blooming of certain spring-flowering plants. 
W. Iv. McAtee, with reference to the same subject, called attention 
to the late blooming of some autumn-flowering species. In this con- 
nection Dr. I/. O. Howard called attention to a publication on this 
same subject by Prof. U. F. Ward many years ago. 

J, B. Norton presented the first formal communication: A nno 
and easy way to recognize om local asters. He said investigation of 
several local .species of Aster showed great differences in the disk florets. 
These differences were utilized in a key for the separation of the species 
which it was suggested could be expanded to include all the forms in the 
vicinity of Washington. The utilization of similarly neglected charac- 
ters in other difficult groups would be advisable. His remarks were 
illustrated by a series of well prepared diagrams showing the variations 
in the different structures of the disk flowers of Aster. Discussion by 
W. h. McAtee and A. S. Hitchcock. 


17s 
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Lyman Carrier presented the second formal communication; Dr. 
John MitchelU om early naturalist and historian. He gave a synopsis 
of his rather extensive investigations into the life of John MiTCHEnn, an 
early physician in the English Colonies of America who was also 
noted for his work as a naturalist, historian, and cartographer. Much 
of his work is published anonymously and much of it is rare and rather 
inaccessible. Discussion by A. vS. Hitchcock. 

J. W. GiDirEY gave the third paper of the program: Significance of 
the divergence of the first digit in the primitive mammalian foot. 

A. S. Hitchcock presented the last paper of the program: A peadiar 
species of Lasiacis. Discussion by T. S. Palmer. This paper appears 
in full in this Journal ( 9 : 35-38. January 19, 1919). 

The 590th regular meeting of the vSodety was held in the Auditorium 
of the New National Museum, Saturday, January 25, 1919; called to 
order at 8.00 p.m. by President Smith; 29 persons present. 

On recommendation of the Council the following named persons 
were elected to membership: Ericii W. Schwartze, Bureau of 
Chemistry; IMyron H. Swenk, University of Nebraska; R. C. Mc- 
Gregor, Bureau of Science, Manila. 

Informal communications were presented as follows: General T. 
E. Wilcox: Remarks on the berries of Mitchella. President Shith: 
Exhibition of and remarks on a piece of baleen of the right whale of the 
Pacific Coast, He stated that this species is nearing extinction as 
among 999 whales taken last year on the Pacific Coast but one was a 
right whale. He also referred to whale meat as human food. W. b. 
McAtee: Reference to an old publication, 1783 to 1784, in wliich it 
appears that peanuts and cotton were commonly raised about Wash- 
in^on at that time. 

The first paper of the regular program was by G. Dallas Hanna : 
Additions to theavifanmof the Prihilof Islands, Alaska, including species 
new to NoHli America. In the collection of birds made on the Pribilof 
Islands, Alaska, during the period June, 1916, to vSeplcmber, 1918, 
there were 21 species which had nol been secured there or reported 
therefrom before. Four of these had not previously been collected 
within the limits of North America. 

Species new to North America and the Pribilof Islands: Knnctta 
falcata. Falcated Teal; Ilcioroscelns hrcvipcs, Polynesian Tattler; 
Thalassoaetiis pclagicns, Kamchatkan Sea h/agle; Anlhus spinolctta 
japoniciiSy Japanese Pippit. 

Species new to the Pribilof Islands only: Urachyram pints marmoratns, 
Marbled Marrdet; Puffinits tennirostris, Slender-billed Shearwater; 
Nettion crccca, European Teal; Aristoneiia valisincria, Canvas-back; 
Clangula clangula amcricana, American Golden-eye; Arctonetta fisclmi, 
Spectacled Eider; Oidemia dcglandi dixtmi, Pacific White- winged 
Scoter; Chen hyperborea hyperborea, Snow Goose; Brania canadensis 
hutchinsii, Hutchin’s Goose; Nnmenius tahitiensis, Bristle- thighed 
Curlew; Haematopus bachimni, Black Oyster-catcher; Archibuteo 
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lagoplis smicti-johannisy Rough-legged Hawk; Spinia* piniti,, Pine 
Siskin; Plcctiophcnax hypaborats, McKay’s Snow Bunting; Jmico 
liycinaliii Jiycinalis, vState-colored Junco, PcU ochclidon liimfron:^ luni- 
frons, Cliff Swallow; Hylocichla aliciac alitiac, Gray-checked Thrush. 

Some notes on the food habits and color phases of Rodger’s fulmar, 
a common Pribilof bird, were given. 

Discussion by A. S. Hitchcock, Wi^i. Palmer, \V, h. McAtee for 
K. A. Preble, and by Ty. Stejnbger. 

The second and final paper of the regular program was by W. L. 
McAtee: An account of poisonous swnachi,j Rhus poisoning, and 
remedies therefor, Mr. AIcAtee gave a detailed account of the classi- 
fication and natural history of the poisonous sumachs, of the various 
theories as to why they poison, of the symptoms of poisoning, and 
of the host of remedies that have been employed against it. Dis- 
cussion by Dr. V. K. Chesnut. 

The 591st meeting of the Society was held in the Assembly Hall 
of the Cosmos Club, Saturday, February’ 8, 1919; called to order at 
8.00 p.m. by President Smith; 53 persons present. 

On recommendation of the Council, O. E. Jennings, Curator of 
Botany, Carnegie I^Iuseum, was elected to membership. 

The following amendment to the By-laws read at the 589th meeting 
was favorably voted on by the Society: “The President shall not be 
eligible for immediate redection;’’ to follow at the end of the first 
paragraph of Article II. 

Under the heading of brief notes and exhibition of specimens, Dr. 

R. W. vShueeedt exhibited seven lantern slides of pitcher plants, 
Sarraccnia purpurea, taken about two years ago in an extensive swamp 
near Glen Bumie, Maryland. He pointed out that this plant is now 
practically extinct in the District of Columbia. After describing the 
main characters of this and related spedes he showed by means of 
one of the lantern slides some experiments he had been making with 

S. purpurea extending over an entire summer, the main features of 
which consisted in keeping a number of gro^ving plants indoors and 
giving them a very limited amount of light. Gradually the new-coming 
leaves evinced an entire change of form and color. They became 
pale green with every semblance of markings effaced wliilc the dedded 
diminution in size was accompanied by a shrinkage of tlie wing, a 
change in outline, and an almost complete atrophy of the pitchers. 
In this connection Prof. W. P. Hay said one of his students had brought 
him a pitcher plant leaf stating it had been found in a locality near the 
city of Washington. Professor Hay had visited tlie alleged locality 
with the student, but they had been unable to find the rest of the 
plant. The student however was a reliable person and Professor Hay 
had no reason to doubt that the leaf had been found as stated. I. N. 
Hoffm;an presented an informal note on certain nesting habits of 
Shufeldt’s junco. 
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The following formal communications were presented: 

E. W. Nelson: Dallia pectoialis, Alaska's most remarkable fish. 
Mr. Nelson gave an account of the appearance and habits of tliis 
fish and described the important part it plays in the economic life of the 
natives of parts of Alaska. He related some of the myths concerning 
its vitality after freezing. Discussion by Dr. H. M. Smith. 

Vernon Bailey: The western skunk cabbage in its prime. Mr. 
Bailey gave an account of the characters and natural history of this 
handsome plant and exhibited lantern slides of it in flower. Dis- 
cussion by the chair and others. 

M. W. Lyon, Jr.; Isohemagglutmin groups of men. Doctor Lyon 
defined the term isohemagglutination and gave a brief account of the 
discovery of the four well-recognized groups of men as determined 
by the action of tjie serum of eadi group upon the red blood corpuscles 
of the others. He pointed out that the first author to recognize the 
four groups as sucli was Jan Jansky' in a rather obscure publication in 
1 907 (Sbornik Klinicky'-Arch. Boh^mes dc MM^cine Clinique 8; 85-139. 
1907). He designated these groups as I, II, III, and IV in the order 
of their frequency of occurrence. Moss, in 1910 (Bull. Johns Hopkins 
IIosp. 21 : 63-70. March, 1910), independently described the four 
groups and designated them, respectively, as IV, II, III, and L As 
Jansky'^s group I has the most active scrum and the most resistant 
corpuscles Dr. Lyon suggested it might be called the sthenic group. 
For its direct opposite, Jansky '*s IV, he suggested the term antisthenic. 
For the more common of the other two ^oups, II, and its opposite, 
III, he suggested the designations parasthenic osidantiparasthenic, respec- 
tivdy. A lantern slide table showing the agglutinative action of the 
serums of 16 persons on the red blood corpuscles of the same persons 
was shown. A series of test tubes showing the action of sthenic, para- 
sthenic, and antiparasthenic serum on corpuscles of each of these 
groups was exhibited. The aiitisthenic group is very rare and the 
speaker knew of no individual available belonging to that group when 
he prepared tlie demonstration tubes. Discussion by the diair, E. W. 
Nelson, W. P. Taylor, and others. 

M. W. Lyon, Jr., Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

Prei>arations are being made for another expedition to the hit. 
Katmai district in Alaska, under the auspices of the National Geo- 
graphic Society, Professor Rob:^rt F. Griggs, of the Ohio vStatc 
University, is director of the expedition, which will consist of photo- 
graphic, surveying, topographic, and scientific parties. The scientific 
work will include studies of the revegetation of country devastated 
ashfalls, and the zoology of the region at the foot of the Valley of 
Ten Thousand Smokes. In addition, a cooperating party from the 
Geophysical Laborator}" of the Carnegie Institution, consisting of 
E. T. Allen, C. N. Fenner, and E. G. Zibs, will study the physics 
and chemistry of the fumarolcs and the petrology of the Valley. The 
expedition will leave in May and return in September. 

A joint influenza committee has just been created to study the recent 
epidemic and to make comparable, so far as possible, the influenza 
data gathered by the government departments. The members of this 
committee are: Dr. William H. Davis, chairman, and Mr. C. S. 
Sloane, representing the Bureau of the Census; Dr. Wade H. Frost 
and Mr. Edgar Sydenstricker of the Public Health Ser\dce; Col. 
D. C. Howard, Col. F. F. Russell and Lieut. Col. A. G. Love, United 
States Army; Lieut. Commander J. R. Phelps and Surgeon Carroll 
Fox, United States Navy. 

The proposed American Society of Mammalogists has issued an 
invitation to join in a movement to organize a society for the promotion 
of the interests and study of mammalogjL It is intended that the 
society shall devote itself to tlie subject in a broad way, including 
studies of habits, life histories, evolution, ecology, and other phases. 
Plans call for the publication of a journal in wluch both popular and 
technical matter shall be presented, for holding meetings, both general 
and sectional, aiding research and engaging in such other activities 
as may be deemed expedient. The organization meeting will be held 
in the New National Museum, Washington, D, C., April 3 and 4, 

1 91 9, sessions commencing at 10.00 a.m. and 2.00 p.m. No program 
of papers has been planned for this meeting. 

The Committee on Organization is: Hartley H. T. Jackson, 
Chairman, U. S. Biological Survey; Wai^ter P. Taylor, Secretary, 
U. vS. Biological Survey; Glover M. Allen, Boston Society of Natural 
History; J. A. AllEN, American Museum of Natural History; Joseph 
GrinnelIv, University of California; N. Hollister, National Zoological 
Park; Arthur H. PIowell, U- S. Biological Survey, Wilpreo H. 
Osgood, Field Museum of Natural History; Edward A. Preble, 
U. S. Biological Siurvey; Witmer Stone, Academy of Natural Sciences 
of Philadelphia. 

Mr. A. A. Benedict, formerly of the University of Pittsburgh, 
has joined the staff of the Bureau of Standards as physicist in the sugar 
laboratory. 
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The following members of the Chemical Warfare vService have joined 
the staff of the Bureau of Standards since January: Captain J. M. 
Braham, in tlie dectrochemical laboratory; Weut. C. W. C1.IFF0RD, 
vsugar laboratory; S. C. Langdon, electrochemical laboratory; IK W. 
Rioynolds (formerly at Edgewood Arsenal), laboratory of metallurgical 
chemistry ; P. Wrightsman, gas laboratory, 

Mr. J. R. Eckman, formerly of the Ordnance Department, has 
joined the staff of the Bureau of Standards as chemist in the analytical 
laboratory. 

Dr. Graham Edgar, formerly secretary of the Washington office of 
the Research Information Service, National Research Council, has 
resigned and is now with the Nitrate Division of the Ordnance Depart- 
ment of the Army. Mr. Gordon S. Fui<cher is his successor as secre- 
tary of the Information Service. 

Dr. C. S. Hudson, Chief of the Carbohydrate I/aboratory of tlie 
Bureau of Chemisi^, resigned from the Bureau on February 12, 
1919, and is now with the Samuel Heatli Company, of Trenton, New 
Jersey. 

Col. E. Lester Jones, after service in the Army for about a year, 
both in America and France, has returned to his duties as head of the 
Coast and Geodetic Survey. 

Dr, Chester N. Myers, organic chemist of the Hygienic Labora- 
tory, Public Health Service, resigned from the Service early in March, 
to organize a research laboratory for H. A, Metz and Company, manu- 
facturers of local anesthetics and arsenicals, in Brooklyn, N. Y. 

Mr. W. B. Newkirk, formerly with the Oxnard Sugar Company, 
has joined the staff of the Bureau of Standards as sugar technologist. 

Capt. E- H. Pagenhart, of the U. S. Coast and Geodetic Survey, is 
now stationed at Port Barrancas, Pensacola, Florida. 

Captain L. L. Steele, of the Ordnance Department, U. vS. A., has 
joined the staff of the Bureau of Standards as chemist in the vaniisli 
laboratory. 

Mr. A. F. Stevenson, sanitary chemist with the Hygienic Labora- 
tory, Public Health Service, resigned from the Service on March i, 
to go into commercial research work in New York City. 

Mr. C. W. Stratford, formerly of the Tidewater Oil Company, has 
recently come to the Bureau of Standards to take charge of an extensive 
investigation on the general subject of lubrication, with particular 
reference to the lubrication of internal combustion engines. 

A Coast and Geodetic Survey party, under the direction of O. W, 
Swainson, is at work on the triangulation and topographic surveying 
of the Virgin Islands, recently acquired from Denmark. 

Mr. E. D. WalEN, who for the past three years has been chief of the 
Textile Section of the Bureau of Standards and has been engaged in war 
research on the development of cotton fabrics as a substitute for linen 
for use in airplane wing surfaces, resigned from the Bureau in February 
and is now with the Textile ResearA Corporation at Boston, Massa- 
chusetts. 
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OPTICS . — Trigonometric computation formulae for meridian 
rays. P. V. Wbels, Bureau of Standards. (Communicated 

by S. W. Stratton.) 

The design of optical instruipents is notoriously so laborious 
and complicated that any simplification of notation, or shortening 
of labor, is important. By far the largest amotmt of labor is 
spent in tracing the actual path of selected rays through the 
tentative system by means of the trigonometric formulae. 
These formulae are simplest for logarithmic computation when 
referred to the center of curvature of the refracting surface 
instead of to its vertex. This is doubtless known to many 
designers but as I have not seen it in the literature, it may be 
useful to others. 

The resulting formulae, using the notation defined in figure i, 
where the subscript k refers to the k’th surface arc ; 


Where c^ = Tk' 


sm = — sm u'E 

Te 

(i) 

^ / llj;; , 

sm 

“K+l 
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<*K+1 — «K H" ~ ^E 
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( 4 ) 
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Eig. I. — ^Notation. 

Symbols referring to the object-space are tinprimed, to the image-space are primed, 
the image-space for the k'th surface becoming the object-space for the (k -j- i)*th 
surface. 

K*TH REFRACTING SURFACE. 

Hk ** index of refraction, object-space. 
rig, — index of refraction, image-space. 

VERTEX distances. 
r* VkCk = radius of curvature, 
tlx » VkOk =*= object distance. 

** “ image distance. 

CjK **= OkCk « object distance (to center). 

Ci- = O^Ck = image distance (to center), 
djg; = VkVk-j- 1 = interval between vertices. 
dcK * CkCk+i =« interval between centers. 


*Px. 


«K 

/ 

9 ^ 


SLOPE ANGLES. 

/\ 

BkCkV* — slope angle of normal at incidence point. 
BkOkVk ** slope angle of incident ray. 

/V 

BxO^V* = slope angle of refracted ray. 

OxBkCx =» angle of incidence. 


hic 


/\ 

BkCic 


angle of refraction. 

incidence height (measured positively upward). 


identities. 


- ns:-i-l . 
a' - o£x+i . 


WSLLS: FORMULAE FOR MERIDIAN RAYS 


183 


There are two special cases which require consideration : 
(i) when Uk is infinitdy great, and (2) when r^ is large (greater 
than ten times the focal length) . In the first case, since <pk = 
when Uk == =fc 00 

-hx: 

sm 0K = -r— (7) 

In the second case both c^ and c^ are large. The formula 
usually given for this case, immediately derived from (j), (4), 
and (<5), is 

' sin Qig cos V2(o!g4.i~i~ 

IIr - Ur gjjj ^ ^ 

The angles are computed as usual, and Uk is computed from the 
formula 

= Tk— 1 ~ — dj;—!. (p) 

The transfer of origin back to the center is made by use of (5) 
and (d), thus 

Cr+i = Tk+i - Uk + dK- (io) 

There are apparently two special cases : ( i ) when the incidence 

is nearly normal, that is, when is small, and (2) when the 
refracted ray is nearly parallel to the axis, that is, when o-k 
is small, but in both cases formulae (i) to (5) may be used. 
Although Ck and Ck are small when B^ is small no precision 
is lost in Ck+i or in o!k+i which do not change in order of 
magnitude. Similarly when oik+i is small no loss of precision 
occurs unless the interval between centers, dcK. is large. This 
is evident from an expression of sin (?k+i which may easily 
be derived from (4), (5), and (x), namely 

r^+i sin Pk+i = Tr sin 8^ + dcK sin o-k+i- 

When a^+i is small, ^k+i is determined by ®“i<i the r’s. 
The angles B and a are both small only when r is large, a case 
which has just been considered in formula {8). 

The theory of optical instruments is burdened by too much 
diversity in matters of convention. It seems inadvisable to 
dq)art from the time-honored conventions of geometry and 
trigonometry. Thus distances measured from left to right, 
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and angles measured by anti-clockwise rotation, are taken as 
positive in the notation of this paper. 

The vertex of each surface is taken as the origin for its radius 
and for the object and image distances in refraction at that 
surface. The slope angles are measured from the rays in to the 
optic axis, and from the normal (to the surface at the incidence 
point) in to the axis, and the angles of incidence and refraction 
are measured from the rays in to the normal. Hence r and 
(p, u and a, u' and a', and 6 and 6' group in pairs having like 
sign As r is measured toward the center of cui^'ature, it is 
convenient to measure both c and c' toward the center. They 
are defined by equations (6), which have the advantage of sym- 
metry as regards the signs of u and c 

The quantities — , r^, and dK are constants for each surface, 

and their logarithms may be computed in a special column, 
copied on a slip of paper, and used directly for all rays. Sim- 

ilarly the logarithms of the ratios may be separately com- 

“R+l 

puted for each wave-length and used for all the rays of the same 
color. 

For paraxial rays the angles 6 and a are small quantities of 
the first order, so that sin $ may be replaced by e, and cos $ by 
unity In this case the d’s and as may be eliminated from 
equations (i) to (4), giving the Gauss formula 


Ck = 


Hg Ig 




If one must work alone, the constants may be checked by com- 
puting the paraxial rays both by (i) to (4), replacing the sines 
by the angles, and also by (ji). Decimal trigonometric tables 
are most convenient, such as those published by the French 
government. 



COBLBNTZ: NOTE ON COEEEICIBNT OP RADIATION l8S 

RADIATION . — Note on the coefficient of total radiation of a 
uniformly heated enclosure. W. W. CobeBntz, Bureau 
of Standards. 

Under the above title the writer published^ a value of the 
so-called Stefan-Boltzmann constant of radiation from a uni- 
formly heated enclosure or so-called black body. The value 
is <r = 5.72 X io~'- =fc 0.012 watt cm“' deg~^. It is based 
upon about 600 measurements, made with 10 receivers, which 
are summarized in table 6 of a previous publication.^ The data 
obtained with receivers nos. 8 and 9 were not included because 
the apparatus was defective. The data obtained with these 
10 receivers were corrected for radiation lost by reflection, 
which loss amounts to 1.2 per cent for receivers covered with 
lampblack (soot) and 1.7 per cent for receivers covered with 
platinum bladi. It does not include a set of measurements 
made on an unblackened radiator. The reflection from a re- 
ceiver covered with platinum black, then smoked, is 1.2 per 
cent. These corrections were determined by direct measure- 
ments upon some of the receivers and by comparison of the sur- 
faces of the other receivers with samples of lampblack whose 
reflection losses had been determined in a previous investiga- 
tion.* 

Experiments were made on atmospheric absorption and it 
was shown that if any correction to these data for atmospheric 
absorption is to be made, it can hardly be greater than o.i per 
cent. 

Recently a new determination ‘ of this radiation constant was 
brought to my attention, and in \iew of the fact that this paper 
contains inaccurate statements concerning my own work a 
few comments are permissible. For example, the statement 
is made that the only novelty in the apparatus employed by 
Coblentz and Emerson {loc. cit.) was a thermopile with a contin- 
uous receiving surface, which is of secondary importance. As a 

‘ Eroc. Nat Acad ScL 3: 504. 1917. 

’ CoBtStnz and Emsrson. Bull. Bur. Stand, la: 549. 1926. 

* Bull. Bur. Stand. 9: 383. 1913. 

* Kabanowicz. Nuovo Cimento (6) 13: 143. 1917. 
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matter of fact, the crucial part of the apparatus was a receiver 
with potential terminals attached thereto, at a sufficient distance 
from the ends to avoid the question of heat conduction to the 
electrodes. These potential wires, which were from 0.003 *nm- 
to 0.0a mm. in diameter, accurately defined the length of the 
central part of the receiver which was utilized in the measure- 
ments. By exposing the whole length of the receiver to radia- 
tion, conduction losses did not enter the problem. The writer is 
not aware of anyone having used a similar apparatus which 
compares with tffis receiver in nicety of construction, and re- 
producibility of results under given conditions. 

The receiver used by Kahanowicz was placed at the center 
of a spherical mirror, with an opening in one side to admit radia- 
tion. In this manner the correction for reflection was elimi- 
nated. The shutter was close to the receiver. If its tem- 
perature was different from that of the water-cooled diaphragm, 
which was before the radiator, errors in the radiation measure- 
ments would occur. As mentioned in my previous papers, 
the shutter should be placed between the water-cooled dia- 
phragm and the radiator, to avoid a change in surroundings 
facing the receiver when the shutter is raised for making the 
radiation measurements. The temperature range was from 
260° C. to 530° C. The distance from the radiator to the re- 
ceiver was 35 to 55 cm. A series of 28 measurements gave an 
average value of <r = 5.61 X io~*® watt cm-^ deg“^ Of this 
number ii gave a value of <r = 5.7. Out of a series of 4 measure- 
ments made in December, 1916, with the distance d = 56 cm., 
three gave a value of » = 5.7. 

No corrections were made for atmospheric absorption, which 
for the temperatures used is not negligible. In a previous 
paper* it was shown that on removing the moisture (vapor 
pressure of 10 to 12 mm.) from a column of air 52 cm. in lengtli, 
the radiation constant was increased from a = 5.41 to 5.55 or 
about 2.6 per cent. For the spectral region transmitted by 
rock salt, to X = 15/*, the absorption is about i percent.® Other 

* Bull. Bui Stand. 12: 576. 1916. See table 3, series CLXXX to CI^XXXII. 

* Proc. Nat. Acad. Sd. Loc ,cU. 



EBNDAUU: WHAT CHARACTSSS DISTINOUISH SPSCISS? 187 

measurements mentioned in these papers indicate an absorp- 
tion of 2 to 3 per cent of the radiations emitted at 1000° C. 
for the average humidity of Washington. 

Dr. H. H. Kimball, of the U. S. Weather Bureau, very kindly 
sent me comparative data, showing that the vapor pressures at 
Naples are considerably higher than at Washington. From these 
data it would appear that the correction for atmospheric ab- 
sorption must be at least i per cent. For the low temperatures 
at which the radiator was operated, a fair estimate of the cor- 
rection to the radiation data obtained by Kahanowicz is 1.5 
to 2 per cent, or a value of cr = 5.69 to 5.72 X 10“^* watt cm~* 
deg“^. In other words, the Naples value of the coefficient 
of total radiation is comparable with other recent determinations 
which indicate a value of <r = 5.7 X 10“^® watt cm~* deg~^. 

BIOLOGY . — What kind of characters distinguish a species from 
its subdivisions?^ William C. Kendall, Bureau of Fisheries. 

I do not claim to be an authority on Taxonomy, although 
I have labored to some extent in Systematic Ichthyology, which 
for a long time was to me a game of “follow the leader,” and in 
which game, it may be said, I was a “blind” follower. 

The fixed views of my leaders, regarding what kind of char- 
acters should constitute species and subspecies respectively, 
seemed thoroughly reasonable and logical, but when independ- 
ently I attempted to apply them in practice, I found myself 
in a dense fog from which I have not yet emerged. 

Briefly stated, a species was such by virtue of possessing one 
or more “distinct and constant” characters distinguishing it 
from all other species. These characters might be pronounced 
or slight, but if “constant” entitled the form so characterized 
to a binomial label. Of coiurse if there was only one specimen, 
which was commonly the case, the above specific condition 
was fulfilled. 

If, however, two forms, whidi, if observed by themselves in 
two separate localities, would seem to be distinct species, should 

1 Remarks at the Symposium at the meeting of the Biological Society, Saturday, 
Mardi 8, 1919. 
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be found to intergrade geographically in characters from one 
terminus to the other, the one later described or named should 
be regarded as a subspecies and be given a trinomial name. 

My preceptors further impressed upon me that a species and 
its subspecies could not develop in exactly the same environment. 

I further learned that two forms though differing but slightly 
and suspected of intergradation should continue to be regarded 
as distinct species until intergradation should be proved. 

As previously indicated, I subscribed to all this and am still 
willing to accept those dicta as gospel, and let them go at that. 
But the fog still hangs low. For that reason I cannot throw 
any light upon the question before us tonight. Beyond that 
whidi I have just stated no definite plan of procedure seems to 
have been advanced by any ichthyologist. In fact there seems to be 
no uniformity and little consistency in ichthyological classification, 
especially as pertains to species and the minor divisions of species. 

I have more than once read or heard it stated that there is 
no such thing as species. If this be so, it would seem that there 
is a widely prevalent illusion and the systematists are seeing 
things. This would seem to be borne out by the fact that even 
certain recognized leaders appear to adhere to no definite system. 
In the same work one may find subspecies, species, and even 
genera based upon exactly the same kind or degree of differences, 
also good and valid species, according to the previously mentioned 
definition, considered identical with another species. 

Unfortunately, or rather, fortunately if you please, we are 
limited to two sorts of names for the minor divisions of classi- 
fication: binomial for species; trinomial for subspecies. 

As I conceive of the objects of nomenclature, it is to afford a 
means of concisely designating certain situations. In regard 
to this point the question before us tonight seems to me to be: 
How many of the various situations, if more than one, shall 
be included in the binomial and how many in the trinomial 
designation? For it must be recognized that if the previously 
mentioned definitions of species and subspecies are accepted 
without modifications or limitation, there are several situations 
for which no provision has been made. 
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Ichthyologically, I, myself, discern two kinds of phantoms, 
which I designate as species. One is a taxonomic species, 
the other a natural species. At times they may blend into one 
but not always. Both conform to the definition given by my 
leaders and both imply development of one form from another, 
but there are two lines of development or derivation to be con- 
sidered which I will designate as horizontal and vertical. The 
first refers to derivation, development, and relationships on 
the surface plane of a given time, past or present. The second, 
to derivation and development in time from the past to the present. 
Any cross-section of the vertical will present a horizontal plane 
of development. In taxonomic considerations of species and 
their subdivisions of living fishes, the tendency appears to be 
to regard them in their horizontal aspect. That is, in their 
relations to each other in the period of time in which they exist. 
If the vertical is considered at all it is usually as though the 
organism of the past was the same as the present. For instance, 
it is stated that Salmo salar sehago is derived from Salmo salar, 
as though the parent stock was the same as the Atlantic salmon 
of today. It may or may not have been. That is a point to 
be considered vertically. My meaning may become clearer 
if we imagine a longitudinal section through the vertical from 
the past to the present time. 

During some period of time, recent or remote, through limita- 
tions to interbreeding and other causes, it is conceivable that 
two horizontal extremes developed differences of character 
which graded in toward the center. The persistence to the 
present time of these interbreeding connections constitute 
a perfect intergradation geographically between the two extremes 
of the present time. Again, it is conceivable that by expansion 
geographically of one or the other or both of the differentiating 
extremes, there is an actual or relative contraction of the in- 
termediate connections. In other words, there is a tendency 
toward segregation of the extremes through weakening of the 
interbreeding connections. 

Both phylogenetically and taxonomically in this situation 
at the present time there can be only one species, notwithstand- 



igo ksndall: what charactsrs distinguish SPSCIBS? 

ing the fact, that, if we were ignorant of the existence of the 
connecting forms, the two extremes would be sufficiently dif- 
ferent to be regarded as distinct taxonomic species. 

Phylogenetically the form at the center of distribution would 
typify the species. The fact that one extreme or the other may 
be the center of distribution does not affect the question. Un- 
fortunatdy the species of the present-day taxonomist is often 
already named and may have come from any point in the hy- 
pothetical area mentioned. It may or may not be one or the 
other extremes or it may or may not represent the center of 
distribution. Consequently a subdivision of the species may m like 
manner represent almost any point more or less remote from the 
locality represented by the taxonomic species. In fact, accord- 
ing to his niceties of discrimination or his idios3mcrasies, one 
might make any number of subspecies, or whatever subdivisions 
of a taxonomic species it is decided to call these geographical 
representatives of a single natural species. 

Now, if the two lines of differentiation, previously mentioned 
as devdoping at each margin or extreme in more or less remote 
time, should gradually separate, leaving a gap in the intergrada- 
tion thus restricting the interbreeding to two independent 
lines of further devdopment, which proceed without further 
interruption to the present time, they would result in two re- 
lated natural spedes, conforming to the specific taxonomic 
definition of species of the aforesaid authorities. The degree 
of difference between these two spedes would depend, partly 
at least, upon the remoteness of the period of divergence. 

One of these independent lines, at one period or another, 
may have repeated either one or both of the previously mentioned 
situations. The more recent the divergence, the less distinct 
the differences, until at the present time they are perhaps almost 
indistinguishable from the first mentioned horizontal or real 
intergradation. In fact, they may be quite indistinguishable to 
the systematist having before him only small collections or col- 
lections from a few localities only. 

Again, suppose that, in some past period of time, more or 
less remote, a smsdl portion of one of the main divergent lines of 
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development, progressing without a differentiation at the margin, 
should be segregated — ^put off at a way station, so to speak — 
and, by virtue of little or no change of environment, should 
be retarded or arrested in its phylogenetic development. 
Then suppose that, at a later period, similar segregation takes 
place, which for like reasons is also retarded or arrested. Both 
of these forms, persisting in their isolation and limited inter- 
breeding to the present day, to the horizontal observer would 
appear as two intermediate forms, that is to say, connecting 
links between the respective species resulting from each of the 
main lines of phylogenetic development, previously referred 
to. The result of the first mentioned segregation would resemble 
the species at the present end of the main line other than the 
one resulting from the line in which the segregation originated, 
more nearly than would the result of the later segregation. 
So, although they appear as intermediate forms between ex- 
isting species, they are not. They represent, rather, vertical 
intermediates between the common ancestral stock and the 
one species at the present end of the line from which they them- 
selves were segregated. They form no intergradation, continuous 
nor interrupted, between the living species, but between an 
ancestral species different from the present species, and are, 
therefore, living fossils as it were. They may have, and probably 
did pursue, some small degree of development themselves. They 
should, I believe, be regarded as distinct species. 

In my hypothesis I have designated only two of this latter 
character. There might be many. The more there are, the 
more difficult would it be to recognize the situation. But when 
the intergradation is interrupted, as it is in these instances, 
and particularly where each form is somewhat isolated at the 
present time, as in such instances it is likely to be, I believe 
that specific definition of my leaders fit the cases. The inter- 
ruptions are represented by certain characters, which, whether 
little or great, entitle the forms to specific designation. They 
axe natural species and should be thus taxonomically recognized. 

There occur to me two other situations that might be, in fact 
have been, mistaken for real intergradations. - 
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One is due to the intermingling and interbreeding of two 
closely related species. It represents a reunion across lots 
of long separated relatives. Of course, the intergrading forms 
are hybrids and there is no question regarding the distinctness 
of the species producing them or the designations of the results 
of their crossing. The real problem is in recognizing the situation. 

The other situation is that of degradation due to degeneration 
of certain characters. The irregularity of distribution of the 
various degrees of such degeneration, and the fact that all de- 
grees, from apparently perfect individuals to extreme degenera- 
tion of parts or characters, are sometimes found in one locality, 
suggest physiological or pathological causes and are individual 
rather than specific or subspecific in their significance. Such 
forms are even now recognized as species or subspecies, but with 
no more justification than there would be in regarding a group 
of human beings affected with alopecia as constituting a distinct 
race. “A man’s a man for a’ that.” 

The foregoing hypothetical situations are all represented among 
fishes today, but are generally not correctly interpreted. Only 
correct diagnoses of these cases render practicable the uniform 
application of the previously mentioned definitions of ^edes 
and subspedes. Then, “true intergradation” designates sub- 
spedes. All the other situations are specific. 

EVOLUTION . — Evolution through normal diversity. O. E. Cook, 
Bureau of Plant Industry. 

Mr. F. L. Lewton, of the United States National Museum, 
has brought to my attention a paper by Thomas Meehan, which 
contains the following passage: 

The observations on this plant {Jmpatiens fulva) confirm records 
I have made during the past quarter of a century that there is an innate 
power to vary coexistent with the species itsdf, independent of any 
conditioDs of environment. This may be granted without prejudice 
to the proposition that changes can and do occur at times by the in- 
fluence of environment, for which there is abundant evidence. It 
seems proper to present the strong facts on the former side, because 
of the modem tendenqr to exalt the latter as the prime motor in evolu- 
tion.^ 

‘ Contribution to the life-histories of fiants, No. X. Pioc. Acad. Phila 1894: 53. 
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The statement and its context are significant, and the issue 
is fundamental, though obscured by much deductive reasoning. 
Inheritance of “acquired characters,” the changes that are 
directly imposed or induced by the environment, is no longer 
credited, but the environment is still supposed to cause evolu- 
tionary changes indirectly, through the medium of selection. 
It has been argued in many ways that evolution must be due 
to environmental causes, but such inferences do not visualize 
against a biological background. Not only is current dialectic 
unclear in failing to recognize elementary distinctions between 
causal and conditional relations, but essential facts continue 
to be neglected and dangerous applications entertained, such 
as the theory of natural selection used in Germany to justify 
the war. 

Historical interest may be claimed for the passage from Mee- 
han on account of the definite recognition of normal diversity. 
The expression “power to vary” may be misunderstood as 
assuming a mysterious “principle” or hidden “mechanism of 
evolution,” but evidently it refers to the concrete, visible fact 
of diversity as the general and normal condition among the mem- 
bers of species. “The variations must be from some natural 
law of evolution inherent in the plant itself” was an earlier 
expression of the same idea that normal evolutionary diversity 
is a general fact, not determined by environment.® 

Darwin recognized variation as a general fact, but he was 
wont to consider the environment as the cause, and the bdief 
in environmental causation became completely dominant in the 
minds of many of his followers. Meehan’s conception of varia- 
tion as independent of the environment was framed many years 
in advance of the formal recognition of heterism or normal di- 
versity among the members of species as a general evolutionary 
fact. Owing to the preponderance gained by the Darwinian 
interpretation, the word variation had come with many writers 
to refer almost exclusively to differences of accommodation to 
environmental conditions. The new word heterism seemed 

> T. MsEHAn. On the agency 0/ insects in obstructing evolution. Proc. Acad. 
Phila. 1873: 337. 
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necessary as a means of referring definitely to the class of dif- 
ferences which Meehan had described as “iimate,” “inherent,” 
and “coexistent with the species itself.” In proposing the 
name heterism additional examples were given, and the phenom- 
enon was associated with more specialized forms of diversity 
that are admitted generally to be independent of the environ- 
ment, as sexes, castes, and dimorphic or polymorphic species.® 

Darwin had made much of the agency of insects in develop- 
ing the highly specialized floral organs of orchids and other 
plants, and such adaptive specializations had been accepted 
as evidence that the environment, acting through natural selec- 
tion, is the active agent in evolution. Meehan’s observations 
and reasoning led to the opposite view, that crossing by insects 
would tend to keep the species uniform, and would thus interfere 
with evolution, instead of carr3dng it forward. To him it ap- 
peared that special characters might develop more rapidly if 
peculiar strains were kept separate, instead of being crossed 
by insects. 

Efforts have been made to demonstrate the power of selec- 
tion to induce changes of characters, but without finding any 
consistent evidence. Progress appears to be made in cases 
where the desired variations occur, but there is nothing to show 
that variations in a particular directicfti can be induced by dint 
of selection, after a pure-bred stock has reached a condition 
of uniformity. Statistical investigators often assume that 
causal effects are demonstrated by proving that the average 
of any particular character can be raised by selective elimina- 
tion, but it remains to be shown that there is anjrihing definitely 
evolutionary in the shifting of averages. To hold logically 
the idea that selection is the actuating cause of evolution, it 
must be assumed that the selective elimination or cutting away 
of one character or part of a species causes the other parts to 
vary farther away from the selective stress, an assumption not 
supported by definite evidence. 

Apart from the mutation theory, the alternatives of selective 
causation of evolution are the Lamarckian idea of direct influence 

» O. F. Cook. Aspects of kinetic evolution. Proc, Wash. Acad. Sd. 8: 244. 1907 . 
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of the environment, to which Darwin himself often inclined, 
and the idea of spontaneous variation within the species put 
forward by Meehan in opposition to Darwin. As a lifelong 
observer, familiar with many genera and species and large 
numbers of living plants, Meehan was competent to give testi- 
mony and he took an important step beyond Darwin in perceiving 
that diversity inside the species is independent of the environ- 
ment. Neverthdess, the evolutionary bearing of diversity 
was still obscured because Meehan shared with Darwin the 
mistake of supposing that contrasted characters must tend to 
disappear, through the alleged “swamping effect of intercross- 
ing,” an idea that continues to be accepted by many because 
it appears reasonable from mathematical or statistical points 
of xdew. Galton’s “law of ancestral regression” has been taken 
as a mathematical demonstration of the reality of a swamping 
effect. 

In recent years the law of regresdon has been applied to al- 
ternative inheritance as well as to quantitative or blended char- 
acters, and no longer seems to require the assumption of an under- 
lying tendency for the members of an interbreeding group to 
reach a stable or unif orm condition. Inheritance is seen to 
be alternative rather than equational, as shown by intensive 
studies of Mendelism and other methods of descent. Many 
divergent or contrasted characters persist in hybrid populations, 
instead of being obliterated or averaged away to uniformity. 
Even when the hybrid offspring are closely alike in the first 
or conjugate generation, ancestral differences may reappear 
undiminished in the perjugate generations. 

The so-called recessive characters that can be transmitted 
for many generations without coming into expression, as well 
as reversions or reappearances of characters of remote ancestors, 
afford striking evidence that transmission is distinct from ex- 
pression, and that transmission is permanent, while expression 
is readily changed. Phenomena of variation and diversity 
are largely differences of expression, including accommodations, 
or varied expressions of adaptive characters, to suit different 
conditions of existence. 
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It was necessary to discard the idea of diversity being lost 
through crossing, before it could be understood that new char- 
acters might be preserved in natural species without the indi- 
viduals being segregated, by selection or otherwise. Preserving 
the adaptive variations no doubt facilitates evolution in direc 
tions of increased fitness, but the argument from fitness is far 
from proving that changes of characters are caused by selection. 
We say that cold weather makes us put on overcoats, but not 
that overcoats are made by cold weather. Species become 
adapted through variation. Each separate group is a distinct 
evolutionary system for developing new characters, some of 
adaptive value and others not. How characters are originated 
and preserved in transmission are questions that relate to the 
mechanism of heredity, but the nature of the mechanism of 
evolution is ob^’ious. A very effective way of extending and 
combining any characters that variation may afford is provided 
by the organuation of each species into a continuous fabric 
of lines of descent, united through sexual reproduction.'* 

Endless individual diversity results from the continued de- 
velopment and gradual diffusion of inherited characters among 
the members of a species. To find the diagnostic characters, 
those that are shared by all the members of one species but are 
absent from related species, often requires very patient and per- 
sistent work by systematists. Sometimes it is impossible to 
determine, even from many specimens, whether one species 
or more than one is represented. The groups must be canvassed 
in nature to learn whether they are continuous or not, so great 
and multifarious are the individual differences, while the general 
similarities are obscure and difficult to state. 

With diversity accepted as a normal and general condition 
in species, evolution is seen as a process of continous integration 
and differentiation of characters. The two essential conditions 
of evolutionary progress are normal diversity (heterism) and 
free intercrossing of lines of descent (symbasis), as in natural 

* O. F. Cook. Tke vital fabric of descent. Proc. Wash. Acad. Sci. 7: 301-323. 
1906. See also. Methods and causes of evolution, U. S. Dept. Agr. Bur. PI. Ind. 
Bull. 136. 1908. 
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species of plants and animals. The most familiar example 
of heterism is the individual diversity of mankind, but the same 
condition is recognized as soon as we become sufficiently familiar 
with the members of other species of animals or plants. Di- 
versity is reduced or eliminated temporarily by selective breed- 
ing, or propagation in single or narrow lines, but reappears 
when the natural condition of free interbreeding is restored. 
Instead of tending to impede evolution, intercrossing of lines 
of descent in species presents a condition most favorable for the 
preservation and extension of new characters. The develop- 
ment of multitudes of useless differences is the best evidence 
of spontaneous development of useful characters. “The prime 
motor in evolution,” to use Meehan’s words, “is an innate power 
to vary, coexistent with the species itself, independent of any 
conditions of environment.” 

Daboratory geneticists may believe that species consist nor- 
mally of uniform, identical individuals, or may suppose that the 
members of species tend to become uniform or to remain uni- 
form if placed under the same environmental conditions, but 
these assumptions are not based on familiarity with natural 
■species. Theories may be projected and logical systems de- 
duced from the assumption of uniformity, as though a world 
of uniform species really existed, just as mathematicians follow 
relations of symbols into space of four dimensions. Facts 
are often obscured by elaboration of conventional ideas. Wider 
application of biology in agriculture, eugenics, and sociology 
awaits clearer perception and presentation of the underlying 
evolutionaiy and environmental relations. 
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PHYTOPATHOLOGY* — Some of the broader phytopathological prob- 
lems in Uieir relation to foreign seed and plant introduction, Beverly 
T. Galloway. Ph3rtopathology 8: No. 3. March, 1918. 

In this paper the author briefly reviews the progress in organized 
coordinated medical sanitation and emphasizes the results in their 
relation to plant sanitation; outlines the history of plant-exclusion 
legislation and points out its bearing on systematic foreign seed and 
plant introduction; and describes the present intensive work for the 
protection of new plant introductions against diseases and other enemies 
and suggests the approaching necessity of similar work for the country 
at large. 

Certain principles are recognized in the work of the Office of Foreign 
Seed and Plant Introduction: 

(1) That the work is international, and the broad ph3rtopathological 
problems require world-wide consideration and study from the economic 
as well as from the phytopathological standpoint. 

(2) That regulatory and restrictive measures, which are only pallia- 
tive at best, must be internationalized to be most effective, and as such 
measures are generally highly profitable when properly administered 
they should receive the best support. 

(3) That the science of plant hygiene, or the study of crops in re- 
lation to environment, offers the broadest field for research and applied 
science, and that this science will doubtless supplant many prevailing 
practices in phytopathology as preventive treatment is supplanting 
curative practices of the old-school physician. 

The need of phytopathological surveys — ^local, national, and inter- 
national — ^is strongly evidenced in the agricultural exploration work, 
so strongly in fact that the question arises as to whether the risk 
of introducing injurious diseases and insects is not too great to warrant 
general agricultural explorations and consequent seed and plant in- 
troductions, with no check except the necessarily imperfect examinations 
after the material arrives. 
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Agricultural exploration and introduction work is an important 
function of the Government, but the time seems to be approaching 
when these explorations should be back-grounded by ph3rtopathological 
surveys or the explorations and phylopathological work done simul- 
taneously. Theoretically plants should be free from diseases and in- 
sects, and, although theoretically only, there is no reason why efforts 
should not be made to approach the ideal conditions in this respect. 

The development of some phases of plant hygiene will require com- 
bined effort and coordinated action of pathologists and others. Syste- 
matic world-wide studies of the botanical relationships of some of our 
principal crops seem desirable, not only to obtain a foundation for 
intdligent action regarding the economic use of plants, but to aid 
in supplying material with which to fight our present plant enemies. 

The gradual shifting of plant industries from one region to another 
is also an interesting study and is due in many cases to lack of proper 
appreciation or understanding of plant sanitation. Sanitation as 
a phase of hygiene must be considered. The removal of many causes 
of disease is practicable, but a vast amount of educational work must 
be done in this field before effective action can be secured. The in- 
dividual can accomplish much, but only through the State can far- 
reaching results be brought about. The State, however, is moved 
in such matters only by a groundswell of public opinion, and the best 
way to create a groundswell for plant sanitation is to bring the individual 
grower to a realization of its importance in all phases of his work. 

B. T. G. 

GENETICS . — A study of hybrids in Egyptian cotton, Thomas J. 

Kearney and Wawon G. WnthS. Amer. Nat. 52 : 491-506. 

Oct.-Nov., 1918. 

Hybrids were made between two varieties of Eg3T>tian cotton, Pima 
and Gila, both of which had presumably originated by mutation. The 
two varieties, as represented by the progenies grown from selfed seed 
of the individuals which were the parents of the hybrids, differed sig- 
nificantly in their means for some two dozen characters. Most of these 
are size or shape characters. The parental ranges for nearly all charac- 
ters overlapped considerably. 

With very few exceptions, the means of the simple intervarietal 
hybrids, in the first, second, and third generations, fell between the 
parental means. The Vs backcrosses obtained by twice crossing the 
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simple hybrid with either parent were practically identical with the 
preponderant parent in the means and ranges of the characters studied. 

The simple hybrids showed little or no evidence of dominance in 
the Fi nor of segregation in definite ratios in the F2, the F2 distribu- 
tions having been, practically without exception, unimodal. None 
of the hybrid plants appreciably exceeded the combined parental 
ranges in respect to any character, while in the F2 of wider crosses, 
e, g., between Egyptian and Upland cottons, extraparental characters 
are abundantly expressed. 

The second and third generations of the simple hybrids, as compared 
with the parents after two and three generations of selfing, were not 
more variable than the more variable Gila parent and were only a little 
more variable than the Kma parent. This points to the possibility of 
obtaining relatively stable and miiform recombinations of the desira- 
ble characters of varieties belonging to the same general type, while 
breeders have found it well-nigh impossible to “fix** wider crosses 
such as those of Egyptian (or Sea Island) with Upland cotton. 

T. H. K. 

ZOOLOGY. — The criterion of subspecific intergradation in vertebrate 
zoology. Harry C. Oberhoi^ER. Science, n. ser. 48: 165-167. 
1918- 

Intergradation is now generally accepted as the criterion of zoological 
subspecies. What constitutes subspecific intergradation, however, 
seems to be stiU debatable, particularly that kind of intergradation 
represented by individual variation in a form geographically separated 
from all other races of the species. This is illustrated by the case of 
Aphelocoma calif ornica and Aphelocoma calif arnica sumichrastiy the ranges 
of which are widely separated by intervening forms which have not, 
in all cases, direct geographic intergradation, although the individual 
variation in the latter overlaps that in the former. If in such cases 
we are to consider the two forms as distinct species, we must, to be 
consistent, treat all island and isolated alpine forms as distinct species 
however slightly and inconstantly they may be differentiated. The 
logical course, however, seems to be to consider this individual varia- 
tion as equivalent to contiguous geographical intergiadation, and thus 
regard individual variation as one of the chief criterions of subspedfic 
intergradation. H. C. O. 
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MAMMALOGY. — The Wisconsin Napaeozapus. Hartley H. T* 
Jackson. Proc. Biol. Soc. Wash. 32: 9-10. February 14, 1919. 

The cooperative field work of the U. S. Biological Survey and Wis- 
consin Geological and Natural History Survey during the summers 
of 1917 and 1918 resulted in the collection of seven specimens of Nap- 
aeozaptis from four localities in northern Wisconsin. This is a definite 
westerly extension of the previously known geographic range of the 
genus. The Wisconsin animal represents a clearly defined form which 
is named Napaeozapus insignis fruiectamis, H. H. T. J. 

ENTOMOLOGY. — The case of the genera Rkina and Magdalis, W. 
Dwight Pierce. Proc. Ent, Soc. Wash. 20: No. 4. Pp. 72-78. 
September 27, 1918. 

This article straightens out a peculiar nomendatorial tangle of these 
two genera, and gives tables of the subgenera of Magdalis and of the 
North American species of the genus. This is the first attempt at a 
coordination of the European and American classifications of this 
group. W. D. P. 

ORNITHOLOGY. — The migration of North American birds. III. The 
summer and hepatic tanagers, martins, and barn swallows. Harry 
C. Oberholser. Bird Lore 20: 145-152. 1918. 

The tables of migration data in this paper concern the following 
species, together with their subspecies: Piranga rubra, Piranga 
hepatica, Progne subis, and Hirundo rusUca. By means of these tables 
it is possible to trace the migratory movements of these species both 
in spring and in autumn, from north to south. In addition, the breeding 
and winter ranges of each of the species and subspecies are given, 
together with the same information for Progne cryptoleuca and Progne 
chalybea, both of which, however, cannot be considered as of regular 
occurrence in North America, The average of arrival and departure 
at the various localities are in some cases based on records extending 
over as many as thirty-two years, though in most cases considerably 
less. H. C. 0. ' 

ORNITHOLOGY.— r/i^ common ravens of North America. Harry 
C. Oberholser. Ohio Joum. Sd. 18 : 213-225. May, 1918. 

The subspecies of the common raven, Corms corax Linnaeus, are 
among the most diflScult birds of the family Corvidae. The differ- 
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ences characterizing them are almost wholly those of size and propor- 
tion, and, because great individual variation complicates the case, 
these are largely average distinctions and require series of specimens 
for proper elucidation. In the old world some sixteen or seventeen 
forms are at present recognized, but in North America currently only 
two, Cormts corax principalis of northern North America, with which 
the birds in the eastern United States are considered identical, and 
Conms corax sinuatus of the western United States and Mexico. In 
addition to these, another smaller form, Conms corax clarionensis, re- 
cently described from Clarion Island in the Revillagigedo group, of 
western Mexico, now appears to be the race inhabiting western North 
America from Lower California and Arizona to Oregon. The bird of 
eastern North America from Alabama to southern Labrador, and west 
to Minnesota and Arkansas, is described as a new race — Conms corax 
europhilus, H. C. 0 . 

ORNITHOLOGY. — Birds observed mar Minco, central Oklahoma. 
Alexander Wetmore. Wilson Bull. 30 : 2-10,56-61. 1918. 

Lists of breeding birds from Oklahoma are particularly important 
since little information is available concerning the geographic distribu- 
tion of birds in this state. This contribution comprises notes on 
sixty-two species and subspecies, mostly breeding birds from the vicinity 
of Minco, in the central part of the State. The most interesting in- 
formation from a distributional standpoint is the residence here of 
Penthestes carolinensis agilis, Musciwra forficatay Agelaius phoeniceus 
predatoriiiSy Dryohates pubescens medianusy and Thryomanes bemckii 
cryptus] and the occurrence during migration of Chordeiles minor 
henryL Harry C. Oberhodser. 

ORNITHOLOGY. — Notes on the gems Puffinus Brisson. Harry C. 

Oberhoeser. The Auk 34 : 471-475. October, 1917. 

The notes in this paper relate to the generic groups, species, and sub- 
species cmrently included in the genus Puffinus Brisson, particularly 
such as concern North America, The new genus CalonectriSy proposed 
by Mathews and Iredale for Puffinus leucomelas and Puffinus kuhUiy 
appears to be well characterized. The genus Ardenna Reichenbach is 
likewise tenable and includes Puffinus gravis O’Reilly, Puffinus creatopus 
Coues, and alsio Puffinus carneipes Gould, which has recently been m^e 



abstracts: technology 


203 


by Iredale the type of a new but untenable genus, Hemipuffinus. For 
Puffinus cuneatus Salvin and Puffinus chlororhynchtis Lesson, a separate 
generic group seems necessary, for which the name Thyellodroma Stej- 
neger is available. Neither the proposed genus Alphapu ffinics Mathews, 
to include Puffirms assimilis, PujKnus Iherminieri^ and Pujfinus persicus, 
nor Neonectris Mathews, proposed for Puffinus tenuirostris tenuirostris^ 
Puffinus tenuirostris brevicaudus, and Puffinus griseus, are generically 
separable from typical Puffinus- The action of Mathews in renaming 
the Puffinus opisthomelas of Coues as Puffinus couesi and the transfer- 
ence of the name Puffinus opisthomelas to the species commonly known 
as Puffinus auricula ris proves to be unwarranted, since an examination 
of the types of both Puffinus auricularis and Puffinus opisthomelas 
show that they belong, respectively, to the species to which the names 
have commonly been applied. The Puffinus couesi of Mathews there- 
fore becomes a S3monyin of Puffinus opisthomelas Coues. Further- 
more, the subspecies of Thyellodroma cuneata (Salvin) recognized by Mr. 
Mathews prove to be, on re-examination of pertinent material, all un- 
tenable. H. C. O. 

TECHNOLOGY. — Toluol recovery- R. S. McBride, C. E. Reinicker, 
and W. A. DunklEy. Bur. Stand, Tech. Paper No. 117. Pp. 
60. 1918. 

The importance of high explosives in the present war has been amply 
demonstrated. Nearly all types of explosives are used in some way, 
but trinitrotoluol, commonly known as T. N. T., because of its high 
power and great stability, is one of the preferred explosives. As an 
important constituent in shells, T. N. T. is used both alone and mixed 
with other explosives. Especially for naval use it is used alone, be- 
cause the greater stability permits longer storage of the shdls before 
use. On account of the great demand for T, N. T. there has grown 
up also a large demand for those materials for which it is made, espe- 
cially toluol. This material finds numerous applications in the chemical 
industries, but particularly it has been used in the manufacture of dye- 
stuffs and for the preparation of T. N. T. For this latter it is only 
necessary to treat the toluol with nitric add under proper conditions 
in order to produce the explosive, which is then refined )yy appropriate 
means to such degree of purity as is required for the use for which it 
is intended. R. S. M. 
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WASHINGTON ACADEMY OF SCIENCES 

The Board of Managers met on February 24, 1919. Mr, Frederick 
V. CoviLivE was elected vice-president to represent the National Geo- 
graphic Society. A committee con^sting of A. S. Hitchcock, Adoi^ph 
EInopp, and W. R. Maxon was appointed to recommend to tie Board 
alternate plans for the sale of the Proceedings of the Academy. 

The meeting of the Board on March 10, 1919, was devoted to the 
consideration of nominees for membership. 

Robert B. Sosman, Corresponding Secretary. 

BOTANICAL SOCIETY OF WASHINGTON 

The 134th regular meeting of the Society was held at the Cosmos 
Club at 8 p.m., Tuesday, March 4, 1919. Forty-eight members and 
six guests were present. Mr. G. Hampton Martin, Jr., of the Bureau 
of Plant Industry, was elected to membership. The program con- 
sisted of the following papers: 

A botanical trip to the Hawaiian Islands (with lantern) : Prof. A. S. 
Hitchcock. During the summer and fall of 1916, the speaker visited 
the Hawaiian Islands, including in his travel the islands of Hawaii, 
Maui, Oahu, Kauai, Molokai, and Lanai. Hawaii, the largest island, 
is about 100 miles wide and contains about 4000 square miles. On 
this are the two highest peaks, Mauna Kea (13,825 feet) and Mauna 
Loa (13,675 feet), and the active volcano or lava pit, Kilauea. On 
Maui is the great crater of Haleakala, said to be the largest in the 
world. Honolulu is on Oahu; the Leper Colony on Molokai. 

The tliree important industries are the raising of sugar, stock, and 
pineapples. The ranches are located mostly on Hawaii, Maui, Molokai, 
and Lanai, the largest being about 700,000 acres. As there are few 
streams or wells in the drier parts of the islands the water supply is, 
for the most part, rainwater stored in tanks. 

The introduced ornamental trees and shrubs are numerous and con- 
spicuous, and introduced weeds have supplanted the native flora in 
the vicinity of the inhabited parts of the island. Among the important 
or peculiar plants of the islands may be mentioned the koa {Acacia 
kocL), a common and useful native forest tree; the algaroba {Prosopts 
juHflora^ introduced from America; the lobelias, consisting of about 
100 species and 5 genera of Lobeliaceae, most of the species being 
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arboreous and often palm-like in appearance; the silver sword {Ai- 
gyroxiphium sandwicense), a composite with beautiful silver}- leaves, 
growing on the bare lava slopes of Haleakala; and the ap6 \Gunnera 
petaloidea), of the family H^orrhagidaceae, with enormous circular 
leaf-blades. The ferns are very numerous in species and indhiduals, 
often dominating the flora, especially in wet regions. The tree ferns 
are conspicuous. They produce at the base of the leaf-stalk a mass 
of yellow wool called pulu, which is used for stuffing pillows. 

Vegetation of Par^ise Key and the surrounding Everglades (with 
lantern) ; Mr. W. E. Sappord. Paradise Key, an island in the heart 
of the Everglades of Florida, nearly ninety miles south of Lake Oke- 
chobee, is of great biological interest, as an example, within the limits 
of the United States, of a subtropical jtmgle unspoiled by man. It 
is reached by automobile, or by train and automobile from Miami, 
thirty-seven miles to the northeastward. Though the temperature 
sometimes falls below freezing point, the mildness of its climate is 
attested by the presence of many tropical plants induding a number 
of lofty royal palms whose crests may be seen from a distance above 
the sky line of the forest. These palms have given the name Royal 
Palm State Park to a tract of land including Paradise Key, some of 
the near-by marsh-land, and a comer of pine-land, granted to the Florida 
Federation of Women^s Clubs by the State Legislature and afterwards 
augmented by the gift of a public-spirited woman. The paper, which 
is to be induded in a forthcoming publication of the Smithsonian In- 
stitution, treats of the climate and physical geography, the various 
plant formations, induding water-plants, plants of the marshes, marsh- 
loving shrubs, forest trees, lianas, epiph^es, and imdershrubs, and con- 
tains a short account of some of the most interesting plants of the 
neighboring pine-lands, with reference to the interdependence of the 
animals and plants of the region discussed, their geo^aphical dis- 
tribution and dissemination, and notes as to their economic importance 
to the aboriginal inhabitants of soutliem Florida. 

Chas. E. Chambliss, Recording Secretary. 

BIOLOGICAL SOCIErrY OF WASHINGTON 

The 592d meeting of the Society was held in the Assembly Hall 
of the Co.smos Club, Saturday, February 22, 1919; called to order at 
8 p.m. by President Smith; 42 persons present. 

O. P. Hopkins, Washington, was elected to membership. 

Under the heading brief notes, Prof. A. S. Hitchcock and Dr. x\. D. 
Hopkins called attention to a recently issued book on the birds of 
Colombia by Frank M. Chapman. 

The formal program was an address by the retiring president. Dr. 
J. N. Rose: Botanical explorations in Ecuador, 

Dr. Rose gave an account of his recent botanical explorations in 
Ecuador. He spent three months in that country during the past 
summer and obtained some 6000 botanical specimens. He made two 



206 


PROCEEDINGS. ENTOMOLOGia\E SOCIETY 


sections from west to east, one from Guayaquil to Ambato and the other 
from Loja to Santa Rosa, He also traveled down the Andean Valley 
from San Antonio to lyoja. He showed thirty slides made from photo- 
graphs obtained during this trip. One of these showed a house made 
of the giant bamboo which grows in the mountain canyons and which 
forms such an important material in the building of houses along the 
coast of Ecuador. Dr. Rose collected several species of cinchona, 
a plant which is in use for the manufacture of quinine. Specimens 
of cmchona bark, ivory nut, and various tropical fruits which had been 
preserved in formalin were on exhibition. 

Discussion by Messrs. H. M. Smith, A. D. Hopkins, A. S. Hitch- 
cock, R. M. Libbey and others. 

M. W. Lyon, Jr., Recordmg Secretary. 

ENTOMOLOGICAL SOCIETY OF WASHINGTON 

The 320th regular meeting of the Society was held March 6, 1919, 
in the Assembly Hall of the Cosmos Club. 

There were present 33 members and 41 visitors. 

The minutes of the 319th meeting were read and approved. 

Messrs. RicmvRD T. Cotton and J. C. Furman, both of the Bureau 
of Entomolog}", were elected to membership. 

The Corresponding Secretary called attention to notices that he 
had recently received, one from Martinus Nijhoff of the Hague an- 
nouncing that, since the removal of the submarine menace, he is in 
position to fill old and new orders for literature; and one from the 
publishers of Genera tnsectorum listing the parts already published, 
those to appear in 1919, and those that are out of print. 

The program for the evening consisted of moving pictures made 
by the Department of Agriculture and showing the practical applica- 
tion of control measures against injurious insects. 

Dr. Howard gave a brief talk concerning the application of moving 
pictures to education and extension work in science especially as re- 
lating to agriculture and entomology. 

The first picture showed methods and apparatus for eradicating 
poultry pests and a form of sanitary poultry house. Dr. Fierce 
made a few prdiminary remarks by way of explanation of this picture. 
* The second picture illustrated the fumigation of citrous trees in 
California, and showed the various types of apparatus in use. The 
legends h^ not yet been inserted in tl^ picture, and it was fully ex- 
plained as run off by Mr. Sasscer. 

The last picture showed the eradication of the pink boll worm of 
cotton in Texas. During the changing of the reels Mr. Busck gave 
a brief summary of the history of the invasion of this insect into the 
United States, and expressed the belief that the methods shown in 
the picture were responsible for the absolute extermination of this 
very serious pest from something over 10,000 acres of land. 

R, A. Cushman, Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

The ‘‘United States Fixed-Nitrogen Administration** has been or- 
ganized tinder the joint control of the Secretaries of War, Nav}", In- 
terior, and Agriculture. It will be a civilian organization, and is de- 
signed to take over and operate all the federal government plants de- 
signed for the fixation of nitrogen and the manufacture of ammonia 
and nitric add. 

WmWAM Bowie, Major of Engineers, U. S. Army, was honorably 
discharged on February 28, 1919, and has resumed his duties as Chief 
of the Division of Geodesy, U. S. Coast and Geodetic Survey. 

Eieut. Paue C. Bowers, formerly with the Chemical Warfare Service 
in Washington, is now at the laboratories of E. I. du Pont de Nemours 
and Company, at Wilmington, Delaware. 

Dr. Keivtn Burns, of the Bureau of Standards, has returned after 
two months spent in visiting laboratories in Europe. 

Mr, F. C. Clark, of the paper and textile laboratories of the Bureau 
of Standards, left the Bureau in March and is now with the American 
Writing Paper Company, at Holyoke, Massachusetts. 

Messrs. Arthur E. Davis and H. H, Hield have been transferred 
from the Sheffield, Alabama, plant of the Nitrate Division, Army 
Ordnance, to the Arlington research laboratories of the Division. 

Mr. L. A. Fischer has returned to the Bureau of Standards to re- 
sume his duties as Chief of the Division of Weights and Measures. 
During the war he was commissioned Major in the Ordnance Depart- 
ment and was engaged in supervising the construction and use of muni- 
tions gages. 

Mr. E. W. Guernsey, formerly with the Chemical Warfare Service, 
is now at the research laboratories of the Brown Company, at Berlin, 
New Hampshire. 

Dr. John Johnston resigned as Executive Secretary of the National 
Research Coimcil in March, in order to accept an appointment as 
Professor of Chemistry in Ysde University, at New Haven, Connecticut. 

Mr. J. O. Erwis, superintendent of the petroleum experiment station 
at Bartlesville, Oklahoma, has been appointed chief petroleum technolo- 
gist of the Bureau of J^es, to succeed Mr. Chester Naramore, 
who has resigned from the Bureau to join the Union Petroleum Company, 
at Philadelphia, Pennsylvania. 

Eieut, Gerald H. Mains has returned from active service in France 
to resume work at the Bureau of Chemistry. 

Dr. C. Hart Merriam has been elected chairman of the U. S. Geo- 
graphic Board, as successor to the late Andrew Braid. 
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Prof. J. C. Merriam, of the University of California, has returned to 
Washington to act as Chairman of the National Research Council. 

Mr. Robert U. Moore, of the Bureau of Standards, has been trans- 
ferred to the rubber laboratory’ of the Bureau at the University of 
Akron, Akron, Ohio. 

Dr. James A. Neeson has resigned from the Bureau of Entomology 
to take up farming near Mt. Vernon, Ohio, retaining a connection 
with the Bureau as collaborator. 

Mr. John D. Northrop, of the Geological Survey, resigned at the 
end of January to enter the employ of an oil company at Cheyenne, 
Wyoming. 

Capt. ly. W. P.ARSONS, formerh’* with the Chemical Warfare Service, 
is now at the Research Laboratory of Applied Chemistry, Massachusetts 
Institute of Technology, Cambridge, Massachusetts. 

Capt. H. C. Porter, of the Ordnance Department, U. S. A., is now 
with the Chemical Service Laboratories, Incorporated, at West Con- 
shohocken, Pennsylvania. 

Lieut. Col. Gdenn S. Smith sailed for the Dominican Republic in 
March to make a preliminary inspection of topography with the pur- 
pose of organizing a topographic survey under tlie direction of the 
military government of the Republic. 

Dr, T. WayIvAND Vaugkl\n, accompanied by D. D. Condit, C. W, 
Cooke, and C. P, Ross, left New York on March 19 for the Dominican 
Republic, to make a preliminary inspection of the geology in prq)ara- 
tion for a geological survey tmder the direction of the military govern- 
ment of the Republic. 

Dr. H. S. Washington, of the Geophysical Laboratory, Carnegie 
Institution, has been elected a foreign member of the Reale Accademia 
dei Lincei of Rome. 

A new edition of the Directory of the Academy and its affiliated 
societies (the “Red Book”) was distributed early in March. 
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MATHEMATICS. — Shains due to temperature gradients, with 
special reference to optical glass. Erskine D. Williamson, 
Geophysical Laboratory, Carnegie Institution of Washington. 

In spite of the fact that the foundations of the mathematical 
theory of this subject were laid as long ago as 1879,^ observers 
have overlooked the simplicity of many of the results and their 
bearing on practical problems. Some time ago we had occasion 
to evaluate the stress^ that would occur in blocks of glass of 
various shapes under varying heat treatments and in the foUow- 
ing pages we give the results obtained and some remarks on 
their interpretation. 

To get a concrete idea of the nature of the problems, con- 
sider a sphere of glass originally homogeneous which is being 
heated at a uniform rate. Under this heating condition there 
is set up a determinate temperature gradient such that the out- 
side layers are hotter than those inside. If the ^here were 
to consist of a number of detached ^herical shells, these shells 
would separate, but if the sphere be solid, internal stresses are 
set up to counteract the separation effect. Eor mathematical 
purposes we may evidently consider these two actions as taking 
place separately, i.e., we may consider each dement of the 
sphere as undergoing an expandon due to the temperature 
effect and then being brought back to its equilibrium position 
by internal stresses. 

* VLaaasaas, J. Messeocer of Math. 8: x6S. 1879. 
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A qualitative idea of the stresses can be immediately obtained. 
Suppose the black parts in figure i represent concentric shells 
which have become separated by the establishing of temperature 
differences from shdl to shell. To bring these together again 
will require tensions radially in each of the white sections. The 
radial tension must increase from the center to the outside as 
each tension holds in the tension outside it. The effect will 



Fig. I. Concentric Shells. 


be radial stretching in all cases, but combined with the stretch- 
ing in each shell there will be a total displacement inwards or 
outwards for the outer and iimer shells, respectivdy, and this 
will result in a change of circumference which will be a decrease 
for the outer shells and an increase for the inner. The super- 
position of these effects gives the total strain. 

MATHEMATICAI, DISCUSSION OF PARTICULAR CASFS 

I. Spherical shell with a temperature distribution which is 
symmetrical about the center. — ^Let the infinitesimal shell whose 

p 

radius is r become finally of radius r -I- p so that - = the tan- 

dp 

gential (or circumferential) strain and — = the radial strain. 

dr 

Let P, represent the radial stress at that point and Pt the tan- 
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gential. A tension is considered as a positive and a thrust 
as a negative stress. Then 


^ = e Pr -f Pt-fPt + cce 


(i) 


and ^ = -f P, + e Pt-f P* + ad 


( 2 ) 


where 6 is the change in temperature from the initial condition 
of no stress, a is the coefficient of linear expansion and e and f 
are dastic constants for the substance.* 

The condition of equilibrium shows that 


r dP, 


( 3 ) 


Elimination of p and Pt yields 


d*P, , dP, 
dr* ^ dr 


2 a 


and hence 


6S 


(e — f) dr 


r*Pr = 




(e-f) 


9 dr + Ci^ + Cz 


(4) 


where Ci and Ca are constants to be evaluated by the boundary 
conditions. Pt is then evaluated from equation ( 3 ). 

II. Solid sphere with a temperature distribution which is sym- 
metrical about the center . — ^This differs from the previous case 
only in the evaluation of the integration constants. Camust 
do ^dP 

vanish as ^ and ^ must be zero at r = o. 

Hence 




(5) 


III. Cylindrical shell or tube with temperature distribution 
symmetrical about the axis . — In this case we made the assumption 
that planes perpendicular to the axis remained plane. Incept 
at the ends this is justified and in fact it was found to be com- 

* Young’s modulus and Pdsson’s tatio, for Uie substance is question are ^ and 

6 e 


lespectively. 
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pletdy justified so far as experiment® was possible. 

If the stresses be Pi, P 2 , and P 3 , parallel to the axis, radially, 
and tangentially in the plane at right angles to the axis, respec- 
tivdy, and X be the displacement parallel to the axis of the 
dement originally defined by the coordinates (x, r), the elastic 
equations are: 

dx 

dr 


= ePi— fPs— fPs + aO = constant 
= -fPi + ePs-fPS + ae 


^ = -fPi-fPi + eP, + 


P 3 = P 2 + r 


dPi 

dr 


r. 


Pi rdr = o 


The last two equations are necessary for mechanical equilibrium 

dX 

and the substitution of a constant for is the form taJcen by 

the assumption mentioned above. 

Elimination 3 ddds 

, ,,dPi dff 
(e-f)-^ + «j^ = o 


or 

(e—f) Pi “1- atf = Cl 

( 6 ) 


dP2 d®P2 _ a dfi 


also 

3 dr ^ dr® (e-f) ‘dr 


yidding 

{X C CaT® 

r®P2 = -^TfJ ~ + ^3 

(7) 


The value of Ps is then obtained from 


P» = Pj + r 


dPa 

dr 


’ The espednieats bearing on this will be published in the senes of papers on optical 
glass now in tbo course of publication by this I^aboratory . 
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IV. Solid cylinder widi temperature distribution symmetrical 
about the axis. — ^The only change necessary is that C* in equation 
dPa dd 

(7) vanishes owing to and ^ being zero at r = o. 


V. Slab with temperature gradient through the smallest dimen- 
sions, symmetrical about the center. — ^The same afisutnptimi was 
made as regards planeness as in the fl.iria.1 displacement for the 
cylinder and the forces along the line of the temperature gradient 
are neglected. (See previous footnote as regards experimental 
evidence.) 

The equations then are: 


and 


eP— fP + afl = constant = Ci 
Pdx = o 


The integral gives us a method of evaluating the required con- 
stant, 



Cl — 
e-f 


dx 


o 


or 


r 



0dx 


APPUCATION OP THESE EQUATIONS TO SPEOPIC CASES* 


I. Spherical shell. 

(la). Shell heated linearly on the surface. 

(Jb). Approximcde formulae for the same case when Ike intemcd 
diameter is very small. 

(la).® In this case 

^ _ to hai® 
dr “ 3* “ 3i(r* 

Equation (4) therefore reduces to 


* The temperatuxe gradients 



in an cases are taken from a tethooming 


paper on temperature distribution in solids, by B. D. WiUfUKSm and 1/. H. Anaiia. 
* h « rate of heating; k » diffudvity constant. 
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Pr = 


20: /hr® hai®\ , ^ ^ 

(e-f) V30* 6icr; + 3 ^ r* 


But Pr = o at r = a and r = ai so that Ci and C2 may be 
evaluated, yielding 

■>!> + 
l5ic(e-f)L r 

a® + 5a®ai®— 6ai® aW~2a®ai® + a^ain 

a*— ai® "" (a®— ai*)r® J 

a® + 5a®ai®— 6ai® 
a®— ai® 


P, = 


Pt = 


+ 


a®ai*— 2a®ai® + a®ai*' 


1 


2(a®— ai®)r® 

(lb). The values are obtained by assuming ai small enough 
to be negligible compared with a. 


II. Solid sphere. Linear heating, on outside surface. 

The treatment is exactly as in the previous case and the 
resulting equations are: 

dr 3* 


- 151C (e-f)[“'^ + 

Except at the center these agree with case (Ib). At the center 
in the case of a sphere we have a tension in all directions of 
ce ha® 

fj ^ there be a very small cavity the stresses must 

be got from (Ib), and it is fotmd that the radial stress vanishes 
while the tangential tension is double the value for the solid 
^here. It follows that small cavities, due for example to bubbles, 
make glass much more liable to breakage during heat treatment. 
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In the case of the soKd sphere it is also interesting to find 
the dastic strains. These are got by substituting the values 
of Pr and Pt in equations (i) and (2). This 3delds 

Tangential extension' 7^~T\ + *)] 

‘Hs + 

Radial extension*- - j f—. [^ + - ^)] 

The nature of these strains was predicted at the beginning 
of this paper, and it can be seen that in general the suggestions 
were correct. The radial extension is practically constant for 
it is approximately true for most solids that 4! = e, which gives 


o. 


_ J. 

311 9k 

On the other hand, the tangential extension is equal to the radial 
at the center, but diminishes, passes through zero and becomes 
a compression for larger values of r. 

The form of these expressions shows that the stress at any 
point may be analyzed into a hydrostatic tension prc^rtional 

' 3 


to a? 


combined with a shearing stress whidi causes radial 


dongation and tangential contraction proportional to i + 
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r® 

and I respectively. 

III. Cylindrical tube. 

Since the analysis is exactly similar, only the bare results are 
written for the two cases considered, namdy ; 

(IIIo). Linear heating, on outside only. 


dr ~ 2ic 2icr 


* The values of the constants e and f are here expressed in terms of k (the oom- 

pressihility modulus) and n (the rigidity modulus), e*®'^ +^ff — -T- 

3n ^ 6n 9k 
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Pi 


_ 2 \ 

“ 4*(e-f) 4*(e-f) a* V 

ohai^ / I ^ 

+ + T + 


i6ic(e---f) 

where Ci and C 2 are evaluated by equating the right hand ex- 
pression to zero for r = aandr — ai. 

^ Sdir^ 


ir^ . ojhai* /, . i\ . Cl C2 

-f) + 4«(e-f)V^ + 2 / + 2 “r* 


® i6j«(e 

where Ci and C 2 have the values found for the^receding equation, 
(III5). Por a small-bored tube. Linear heating, on outside only. 


T> 

oh(a2— 2r^) 

Pi ~ 

8ic(e — f) 


/ „ ^ a^i- 

II 

«h^a® r® ^2 

i6K(e— f) 


«^(a®— 3r + 

Pg „ — ^ E—Z 

i6K(e-f) 

(rV). Solid cylinder. Linear heating, on outside only. 

dr ” 2 jc 

«h(a®— 2r^) 

"" 8K(e-f) 

* i6<c(e— f) 

_ ah(a^— 3^^) - 
® i6jc(e--f) 

(V), Slab, Linear heating, on outside only. 

d^ hr 
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In all the cases except that of the sphere (for which the cal- 
culations are exact) it must be emphasized that the 
stresses are the maximum values on the assumption that no 
relief takes place by bending. It will be shown in a later paper 
that the stresses actually occurring approximate very do^y 
to the values thus calculated. 

SUMMARY 

General equations are derived for the elastic stresses produced 
by temperature differences in spheres, cylinders, and slabs when 
the temperature distribution is symmetrical about the center, 
axis, or central plane respectively. 

More specific equations are given for the case of the tem- 
perature distribution due to uniform surface heating, whidi is 
the most important case in practice. 

ASTRONOMY . — Modern theories of the spiral nebulae^ Hbbbr 
D. Curtis, Lick Observatory. (Communicated by W. J. 
Humphreys.) 

In one sense, that theory of the spiral nebulae to which many 
lines of recently obtained evidence are pointing, can not be 
said to be a modem theory. There are few modem concepts 
which have not been expKdtly or implicitly put forward as 
hypotheses or suggestions long before they were actually sub- 
stantiated by evidence. 

The history of scientific discovery affords many instances 
where men with some strange gift of intuition have looked ahead 
from meager data, and have glimpsed or guessed truths which 
have been fully verified only after the lapse of decades or cen- 
turies. Herschel was such a fortunate genius. From the proper 
motions of a very few stars he determined the direction of the 
sun’s movement nearly as accurately, due to a very happy 
selection of stars for the purpose, as far more daborate modem 
investigations. He noticed that the star dusters which appeared 

* Abstract of a lectuie^ven on Match IS, i9x8,atajdnt meeting of the Washing- 
ton Academy of Sdenoes and the Philosc^bical Society of Washington. The 
lecture tras illustrated 'nith numerous lantern slides. 
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nebtilous in texture in smaller telescopes and with lower powers, 
were resolved into stars with larger instruments and higher 
powers. From this he argued that all the nebulae could be 
resolved into stars by the application of sufficient magnif3dng 
power, and that the nebulae were, in effect, separate imiverses, 
a theory which had been earlier suggested on purdy hypothetical 
or philosophical grounds, by Wright, Lambert, and Kant. From 
their appearance in the telescope he, again with almost uncanny 
prescience, excepted a few as definitely gaseous and irresolvable. 

This view held sway for many years; then came the results 
of spectroscopic analysis showing that many nebulae (those 
which we now classify as diffuse or planetary) are of gaseous 
constitution and can not be resolved into stars. The spiral 
nebulae, although showing a different t3rpe of spectrum, were 
in most theories tacitly included with the known gaseous nebulae. 

We have now, as far as the spiral nebulae are concerned, come 
back to the standpoint of Herschel’s fortunate, though not fully 
warranted deduction, and the theory to which much recent 
evidence is pointing, is that these beautiful objects are separate 
galaxies, or “island universes,” to employ the expressive and 
appropriate phase coined by Humboldt. 

By means of direct observations on the nearer and brighter 
stars, and by the application of statistical methods to large 
groups of the fainter or more remote stars, the galaxy of stars 
which forms our own stellar universe is believed to comprise 
perhaps a billion suns. Our sun, a rdativdy inconspicuous 
unit, is situated near the center of figure of this galaxy. This 
galaxy is not even approximatdy ^herical in contour, but 
shaped like a lens or thin watch; the actual dimensions are 
highly uncertain; Newcomb’s estimate that this galactic didc 
is about 3,000 light-years in thickness, and 30,000 light-years 
in diameter, is perhaps as reliable as any other. 

Of the three dasses of nebulae observed, two, the diffuse 
nebulosities and the planetary nebulae, are lypically a galactic 
phenomenon as regards their apparent distribution in ^ace, 
and are rardy found at any distance from the plane of otu: 
Milky Way. With the exception of certain diffuse nebulosities 
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whose light is apparently a reflection phenomenon from bright 
stars involved within the nebulae, both these types are of 
gaseous constitution, showing a charactaistic bright-line spec- 
trum. 

Differing radically from the galactic gaseous nebulae in form 
and distribution, we find a very large number of nebulae pre- 
dominantly spiral in structure. The following salient points 
must be taken into account in any adequate theory of the ^iral 
nebulae. 

1. In apparent size the spirals range from minute flecks, 
just distinguishable on the photographic plate, to enormous 
spirals like Messier 33 and the Great Nebula in Andromeda, 
the latter of which covers an area four times greater than that 
subtended by the full moon. 

2. Prior to the application of photographic methods, fewer 
than ten thousand nebulae of all classes had been observed visu- 
ally. One of the first results deduced by Director Keeler from 
the program of nebular photography whidi he inaugurated with 
the Crossley Reflector at Lick Observatory, was the fact that 
great numbers of small spirals are within readi of modem power- 
ful reflecting telescopes. He estimated their total number as 
120,000 early in the course of this program, and before plates 
of many regions were available. I have recently made a count 
of the small nebulae on aU available regions taken at the Lick 
Observatory during the past twenty years® and from these counts 
estimate that there are at least 700,000 spiral nebulae accessible 
with large reflectors. 

3. The most anomalous and inexplicable feature of the spiral 
nebulae is found in their peculiar distribution. They show an 
apparent abhorrence for our galaxy of stars, being found in 
greatest numbers around the poles of our galaxy. In my counts 
I found an approximate density of distribution as follows: 

Galactic Latitude + 45 ® to + 90® 34 per sqtiare degree. 

Galactic Latitude — 45 to —90® 28 per square degree. 

Galactic Latitude +30® to +45® and— 30® to — 45 ® 24 per square degree. 

Galactic Latitude — 30® to +30® 7 per square degree. 

» Cdrtis, H. D. On the number of spiral nebulae, Proc. Amer, Phil. Soc. 57: 

513. 1918. 
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No spiral has as yet been found actually •within the structure 
of the Milky Way. We have doubled and trebled our exposures 
in regions near fbe galactic plane in -the hope of finding fainter 
^irals in such areas, but thus far -without results. The out- 
standing feature of the space distribution of the spirals is, then, 
that th^ are found in greatest profusion where the stars are 
fewest, and do not occur where the stars are most numerous. 
Hiis distribution may be illustrated graphically as follows: 

THB FACTORS OF SPACE DISTRIBUTION 

400,000 ± Spiral Nebulae 


Our own stdlar tmiverse 
is shaped like a thin lens, and is perhaps 

3,000 by 30,000 light-years in extent. In this 
space occur nearly all the stars, nearly all the new stars, nearly 
all the variable stars, most of the diffuse and 
planetary nebulae, etc., but m spiral 
nebulae. 


300,000 Spiral Nebulae. 

4. The spectrum of the spirals is practically the samp as that 
given by a star cluster, lowing a continuous spectrum broken 
by absorptian Hues. A few spirals ^ow bright-line spectra 
in addition. 
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5. The ^ace-vdodties of the various dasses of celestial ob- 
jects are summarized in the following diort table: 

TABI^ 

Thb Factors op SPACB-VsioaTY 

1 . The Diffuse Nehtdae. 

Vdodties low. 

2. The Stars. 

Vdodties vary with spectral type. 

Class B Stars: average speeds 8 miles i>er second. 

Class A Stars: average speeds 14 miles per second. 

Class F Stars: average speeds i8 miles i)er second. 

Class G Stars: average speeds 19 miles per second. 

Class K Stars: average speeds 21 miles per second. 

Class M Stars: average speeds 21 miles per second. 

3 . The Star Clusters. 

Vdodties unknown. 

4. The Planetary Nehtdae. 

Average speeds 48 miles per second. 

5 . The Spiral Nehtdae. 

Average speeds 480 miles per second. 

The peculiar variation of the space-vdodty of the stars with 
spectral type may ultimatdy prove to be a function of rdative 
mass. The radial vdodties of but few spirals have bem de- 
termined to date; future work may change the value given, 
but it seems certain that it will remain very high. 

It will be seen at once that, with regard to this important 
criterion of space-vdodty, the spiral nebulae are very distinctly 
in a dass apart. It seems impossible to place them at any point 
in a coherent scheme of stellar evolution. We can not bridge 
the gap involved in postulating bodies of sudi enormous space 
vdodties dther as a point of stellar origin, or as a final evolu- 
tion product. 

On the older theory that the spirals are a part of our own 
galaxy, it is impossible to harmonize certain features of the 
data thus far presented. If this theory is true, their grouping 
n^ the galactic poles, inasmuch as all evidence points to a 
flattened or disk form for our galaxy, would indicate that they 
are rdativdy dose to us. In that event, we should inevitably 
have detect«l in this dass of objects proper motions of the same 
order of magnitude as those found for the stars at corre^nd- 
ing distances. Such proper motions are the mcne to be ex- 
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pected in view of tlie fact that the average space velocity of 
the spirals is about thirty times that of the stars. I have re- 
peated all the earlier plates of the Keeler nebular program, and 
was able to find no certain evidence of either translation or 
rotation in these objects in an average time interval of thirteen 
years.* Their form, and the evidence of the spectroscope, 
indicate, however, that they are in rotation. Elnowing that 
their space-velocities are high, the failure to detect any certain 
evidence of cross motion is an indication that these objects 
must be very remote. 

Even if the spiral is not a stage in stellar evolution, but a 
dass apart, is it stiU possible to assume that they are, notwith- 
standing, an integral part of our own stellar universe, sporadic 
manifestations of an unknown line of evolutionary development, 
driven off in some mysterious manner from the regions of greatest 
star density? 

A relationship between two classes of objects may be one 
of avoidance just as logically as one of contiguity. It has 
been argued that the absolute avoidance which the spirals mani- 
fest for the galaxy of the stars diows incontrovertibly that they 
must, by reason of this very rdationdiip of avoidance, be an 
integral feature of our galaxy. This argument has proved 
irresistible to many, among others to so keen a thmker as Herbert 
Spencer, who wrote: 

In that zone of celestial space where stars are exoessivdy abundant 
nebulae are rare; while in the two oppoate celestial spaces that are 

furthest removed from this zone nebulae are abundant 

Can this be mere coincidence? When to the fact that the general Tnfl-«is 
of the nebulae axe antithetical in position to the general mass of the 
stars, we add the fact that local regions of nebulae are r^ons where 
stars are scarce does not the proof of a ph3^al connec- 

tion become overwhelming? 

It must be admitted that a distribution, which has placed 
three-quarters of a million objects around the poles of our galaxy, 
would be against all probability for a class of objects which would 
be ejected to be arranged at random, tmless it can be shown 

*Ctotis, H. D. The proper moHon of the nebulae. Publ. Astron Soc. 
Pacific 37: 214. 1915. 
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that this pecuEar grouping is only apparent, and due to some 
phenomenon in our own galaxy. This point will be reverted to 
later. 

It has been shown that the factors of space-velocity and space- 
distribution separate the spirals very dearly from the stars of 
our galaxy; from these facts alone, and from the evidence of the 
qiectroscope, the island universe theory is given a certain meas- 
ure of credibility. 

Another line of evidence has been devdoped within the past 
two years, which adds further support to the island-universe 
theory of the spiral nebulae. 

NEW STARS 

Within historical times some twenty-seven new stars have 
suddenly flashed out in the heavens. Some have been of 
interest only to the astronomer; others, like that of last June, 
have rivaled Sirius in brilliancy. All have shown the same 
general history, suddenly increasing in light ten thousand-fold 
or more, and then gradually, but still rdativdy rapidly, sinking 
into obscurity again. They are a vdy interesting dass, nor 
has astronomy as yet been able to give any universally accepted 
explanation of these anomalous objects. Two of these novae 
had appeared in spiral nebulae, but this fact had not been wdghed 
at its true value. Within the past two years over a dozen novae 
have been found in spiral nebulae, all of them very faint, ranging 
from about the fourteenth to the nineteenth magnitudes at 
tnaTnintiTn - Their life history, so far as we can tell from such 
faint objects, appears to be identical with that of the brighter 
novae. Now the brighter novae of the past, that is, those which 
have not appeared in spirals, have almost invariably been a 
galactic phenomenon, located in or dose to our Milky Way, 
and they have very evidently been a part of our own stdlar 
system. The cogency of the argument wiU, I think, be ap- 
parent to all, although the strong analogy is by no means a 
rigid proof. If twenty-seven novae have appeared in our own 
galaxy within the past three hundred years, and if about half 
that number are found within a few years in spiral nebulae far 
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removed from the galactic plane, the presumption that these 
spirals are themselves galaxies composed of hundreds of millions 
of stars is a very probable one. 

If, moreover, we make the reasonable assumption that the 
new stars in the spirals and the new stars in our own galaxy 
average about the same in size, mass, and absolute brightness, 
we can form a very good estimate of the probable distance of 
the spiral nebulae, regarded as island universes. Our galactic 
novae have averaged about the fifth magnitude. The new 
^tars which have appeared in the spiral nebulae have averaged 
about the fifteenth magnitude, but it would appear probable 
that we must inevitably miss the fainter novae in such distant 
galaxies, and it is perhaps reasonable to assume that the average 
magnitude of the novae in spirals may be about the eighteenth, 
or thirteen magnitudes fainter than those in our own galaxy. 
They would thus be about 160,000 times fainter than our galactic 
novae, and on the assumption that both types of novae average 
the same in mass, absolute luminosity, etc., the novae in ^irals 
should be four hundred times further away. We do not know 
the average distance of the new stars which have appeared in 
our own galaxy, but 100,000 light-years is perhaps a reasonable 
estimate. This would indicate a distance of the order of 4,000,000 
light-years for the spiral nebulae. This is an enormous distance, 
but, if these objects are galaxies like our own stellar S3rstem, 
such a distance accords well with their apparent dimensions. 
Our own galaxy, at a distance of 10,000,000 light-years, would 
be about 10 minutes of arc in diameter, or the size of the larger 
spiral nebulae. 

On such a theory, a spiral structure for our own galaxy would 
be probable. Its proportions accord well with the degree of 
fiattening observed in the majority of the spirals. We have 
very little actual evidence as to a spiral structure for our galaxy; 
the position of our sun relatively dose to the center of figure of the 
galaxy, and our ignorance of the distances of the remoter stars, 
renders such evidence very difficult to obtain. A careful study 
of the configurations and star densities in the Milky Way has 
led Professor Easton, of Amsterdam, to postulate a spiral struc- 
ture for our galaxy. 
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DISTRIBUTION OF SPIRALS 

There is still left one outstanding and unexplained problem 
in the island universe theory or any other theory of the spiral 
nebulae. Neither theory, as outlined, offers any satisfactory 
explanation of the remarkable distribution of the spirals. On 
the older theory, if a feature of our galaxy, what has driven them 
out to the points most remote from the regions of greatest star 
density? If, on the other hand, the spirals are island universes, 
it is against all probability that our own universe should have 
chanced to be situated about half way between two great groups 
of island universes, and that not a single object of the class 
happens to be located in the plane of our Milky Way. 

There is one very common characteristic of the spirals which 
may be tentatively advanced as an explanation of the peculiar 
grouping of the spirals. 

A very considerable proportion of the spirals show indubitable 
evidence of occulating matter, lying in the plane of the greatest 
extension of the spiral, generally outside the whorls, but occas- 
ionally between the whorls as well. This outer ring of occulting 
matter is most easily seen when the spiral is so oriented in space 
as to turn its edge toward us. But the phenomenon is also seen 
in spirals whose planes make a small, but appreciable angle 
with our line of sight, manifesting itself in such appearances 
as “lanes” more prominent on one side of the major axis of the 
elongated elliptical projection, in a greater brightness of the 
nebular matter on one side of this major axis, in a fan-shaped 
nudear portion, or in various combinations of these effects. 
The phenomenon is a very common one. Illustrations of seventy- 
eight ^irals showing evidences of occulting matter in their peri- 
pheral equatorial regions, with a more detailed discussion of 
the forms observed, are now being publidied,^ and additional 
examples of the phenomenon are constantly being fotmd. 

While we have as yet no definite proof of the existence of 
such a ting of occulting matter l3dng in our galactic plane and 
outside of the great mass of the stars of our galaxy, there is a 

* CoRTis, H. D. OccuUing effects of spiral nebulae, XJniy. Calif, Semi-Cent. 
Publ. (in press). 
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great deal of evidence for such occulting matter in smaller areas 
in our galaxy. Many such dark areas are observed around 
certain of the diEEuse nebulosities, or seen in projection on the 
background fumi^ed by such nebulosities or the denser por- 
tions of the Milky Way; these appearances seem to be actual 
“dark nebulae.”® The curious “rifts” in the Milky Way may 
wdl be ascribed, at least in part, to such occulting matter. 

Though we thereby run the risk of arguing in a circle, the fact 
that no spirals can be detected in our galactic plane, a natural 
result of such a ring of occulting matter, would in itself appear 
to lend some probability to the h3^othesis. The peculiar dis- 
tribution of the spiral nebulae would then be explained as due, 
not to an actual as3rmmetrical and improbable distribution in 
space, but to a cause within our own galaxy, assumed to be a 
spiral with a peripheral ring of occulting matter similar to that 
observed in a large proportion of the spirals. The argument 
that the spirals must be an integral feature of our own galaxy, 
based on a relationship of avoidance, would then lose its force. 
The explanation appears to be a possibility, even a strong prob- 
ability, on the island universe theory, and I known of no other 
explanation, on any theory, for the observed phenomenon of 
nebular distribution about our galactic poles. 

SUMMARY 

The Spiral Nebulae as Island Universes. 

1 . On this theory, it is unnecessary to attempt to coordinate the 
tremendous space-velocities of the spirals with the thirty-fold 
smaller values found for the stars. Very high velocities have 
been found for the Magdlanic Clouds, which may possibly 
be very irregular spirals, relatively close to our galaxy. 

2. There is some evidence for a spiral structxure in our own 
galaxy. 

3. The spectrum of the majority of the spirals is practically 
identical with that given by a star cluster; a spectrum of this 
general tjrpe is such as would be expected from a vast congeries 
of stars. 

' Barnard, £. B. OnAe dark markings irf the sky, with a catak^^ue of 182 sudb 
objects. Astrophys. Joum. 49: i. 1919; Cdrus, H. D. Dark nebulae. Bubl 
Astma. Soc. Pacific 30: 65. 1918. 
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4. If the spirals are separate universes, similar to our galaxy 
in extent and in number of component stars, we should observe 
many new stars in the spirals, closely resembling in their life 
history the twenty-seven novae which have appeared in our 
own galaxy. Over a dozen such novae in spirals have been 
found, and it is probable that a systematic program of repeti- 
tion of nebular photographs will add greatly to this number. 
A comparison of the average magnitudes of the novae in spirals 
with those of our own galaxy indicates a distance of the order 
of 10,000,000 light-years for the spirals. Our own galaxy at 
this distance would appear 10' in diameter, the size of the larger 
spirals. 

5. A considerable proportion of the spirals show a peripheral 
equatorial ring of occulting matter. So many instances of this 
have been found that it appears to be a general though not uni- 
versal characteristic of the spirals; the existence of such an outer 
ring of occulting matter in our own galaxy, regarded as a spiral, 
would ftunish an adequate explanation of the peculiar distribu- 
tion of the spirals. There is considerable evidence of such oc- 
culting matter in our galaxy. 

An English physicist has cleverly said that any really good 
theory brings with it more problems than it removes. It is 
thus with the island-universe theory. It is impossible to do 
more than to mention a few of these problems, with no attempt 
to divine those which may ultimately be presented to us. 

While the data are too meager as yet, several attempts have 
been made to deduce the velocity of our own galaxy within the 
super-galaxy. It would not be surprising if the space-velocity 
of oiur galaxy, like those of the spirals and the Magellanic Clouds, 
should prove to be very great, htmdreds of miles per second. 

Further, what are the laws which govern the forms assumed, 
and under which these spiral whorls are shaped? Are they 
stable structures; are the component stars moving inward or 
outward? A beginning has been made by Jeans and other 
mathematicians on the dynamical problems involved in the 
structure of the spirals. The field for research is, like our sub- 
ject matter, practically infinite. 
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GEOLOGY. — Two lamprophyre dikes near Sawtaguin and Mount 
Nebo, Utah. G. F. Loughun. U. S. Geol. Stirv^ Prof. Paper 
I20-E. Pp. 9. 1918. 

There is no local evidence by which these lamproph3n:e dikes can 
be corrdated with other igneous rocks. It is assumed that they repre- 
sent a late stage of the Tertiary volcanic period. The dike rocks axe 
dark gray to black, dense, and porphyritic. Biotite is the only con- 
spicuous megascopic mineral, and constitutes about 20 per cent of 
the rock. The northern dike has a glas^ groundmass crowded with 
phenocrysts of augite, biotite, olivine, and magnetite, and minute 
crystals of apatite. The southern dike consists of phenocrysts of biotite, 
augite, apatite, and magnetite in a groundmass of feldspar. The chem- 
ical composition of the northern dike is shown by analysis and com- 
pared with rocks of similar composition. The rock is classed as a 
vitrophyric albite minette. It seems probable that the two minettes 
discussed are genetically related to a monzonitic magma represented 
by the latite breccias and flows of the region. R. W. SToxm. 

GEOLOGY. — New graphic method for determining the depth and thick- 
ness of strata and the projection of dip, Haroi4> S. Pat,m^r. U. 
S. Geol. Survey Prof. Paper 120-G. Pp. 7. with 3 plates and 5 
figures. 1918. 

This paper presents three charts by means of which rapid solution 
of the following problems may be made, namdy : (i) to find the depth 

to a stratum, given the dip and distance from the outcrop; (2) to find 
the thickness of a bed or series of beds, given the dip and the distance 
across the outcrop; and (3) to find the indination of the trace of a plane 
upon a second plane, given the dip of the first plane and the angle 
between the strike of the two planes. 

Simple directions for the use of the charts are followed by a discussion 
of the prindples and accuracy of the method. H. S. P. 
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ENTOMOLOGY. — The question of the phylogenetic origin of termite 
castes. Carounb Btjhijng Thompson and Thomas Eujott Sny- 
der. Biol. Bull. 36: 1 15-129, 2 plates, 5 text figs. February, 
1919. 

The recent observation of one of the authors, that the castes of ter- 
mites are of germinal origin and not produced by environmental con- 
ditions, leads to the question of the phylogenetic origin of these varia- 
tions or castes. Are termite castes to be considered as fluctuating 
variations or as mutations? 

Several lines of approach lead to this problem; the study of fossil 
insects; the comparative morphology of termites; exact field observa- 
tions on termite biology; breeding experiments to determine the type 
of progeny and the results of hybridization. Although none of these 
aspects have been eshaustivdly studied, there are some data, sum- 
marized in this paper, drawn from the literature of social insects and 
from the notes of the two authors. 

The morphological facts show that a gradation of characters may be 
traced throughout the members (castes of a species, e. g., Retictditermes 
flavipes). These castes might be interpreted either as the gradations 
in a series of fluctuating variations, or as a series of mutations formed 
by loss. 

Fidd observations and breeding experiments seem to indicate that 
although the “first form” rquoductive individuals produce young 
of all the castes, the “second” and “third form” individuals breed 
true to their own fertile castes. In some breeding experiments in arti- 
ficial nests, from parent reproductive individuals of the “second 
form” no fertile individuals of any kind were produced. 

Hie authors intend to undertake a series of studies and experiments 
upon the morphology and the breeding of the termite castes. C.B.T. 

PALEONTOLOGY. — Appendages of trildbites. Charxes D. Waxcott. 
Smiths.Misc. Coll. 67 : No. 4, Cambrian Geol. and Pal. IV. 115-216, 
pis. 14-42, text figs. 1-3. December, 1918. 

In this recent paper Dr. Charles D. Walcott summarizes his in- 
vestigations of the appendages of trilobites during the past forty- 
five years, a research undertaken in pursuance of a promise made to 
Professor Louis Agassiz in 1873. Since that time, he writes, “I have 
examined and studied all the trilobites that were available for evidence 
bearing on thdr structure and co'ganizatioa.” 
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His first summary of i88i^ is reviewed and corrected, together with 
later papers® discussing his various discoveries in this subject. The 
highly organized trilobite, Neolenus serratus (Rominger), from the 
Burgess shale quarry opened by Dr. Walcott, near Field, British Colum- 
bia, several years ago, shows most graphically in the ten plates devoted 
to its illustration the highly specialized development of appendages, 
which is also figured in plates of the Ordovician trilobites, Isotelus, 
Triartkrus, Ccdymene, and Ceraurus. In the figure of Neolenus the 
appendages indude antennules, caudal rami, endopodites, epipodites, 
exopodites, exites, and protopodites. The evidence of appendages 
is supplemented by numerous figured sections of Ceraurus and Caly- 
mem. 

After discussing the mode of occurrence, conditions of preservation, 
manner of life induding methods of progression, food, defense, and 
offense, the author describes spedes with appendages, which indude 
besides the genera already mentioned, Kootenia dawsoni (Walcott), 
two spedes of Ptychoparia induding a new one, P. permulta, from the 
Burgess shale quarry, Odontopleura trentonensis (Hall), Trinucleus 
conceniricus Eaton, and an unidentified Ordovician crustacean leg. 
The work of C. E- Beecher with Triarihrus is reviewed in some detail, 
and a different condusion arrived at in certain features. 

In section 2 of the paper the Structure of the Trilobite recdves at- 
tention, the author again referring to Beecher and other writers in- 
duding Jaekd, Beyrich, Barrande, and de Volborth. He then dis- 
cusses in detail the appendages, summarizing them as follows: 

Cephalic: (i) Antennules, (2) Antennae, (3) Mandibles, (4) Max- 
illula, (5) Maxilla; Thoracic; Abdominal; Caudal rami. 

Further comparisons are with the recent Anaspides tas^naniae G. 
M. Thomson, a Malacostracan from Tasmania, Koonunga cursor 
Sayce, and Paranaspides lactistris Smith, also the parasitic crustacean 
Cyamus scammoni Dali, illustrations of all of which are given. After 
the extraordinary interest of the findy devdoped specimens in the plates 
representing Neolenus, attention will be drawn by those of Isotelus, 
Triarthrus becki Green, and other Ordovidan trilobites, together with 
^ The trilobite: New and odd evidence relating to its organization. Bull. Mus. 
Comp. Zool. 8: 191-224, pis. I-VT. 1881. 

* Proc. Biol. Soc. Washington 20: 94. 1894; Smiths. Misc. Coll. 57; 164-208, 
pi. 24, figs. I, la, 1912; op. dt. pi. 6, figs. I, 2. 1911; op. dt. pi. 24, figs, i, la; 
ph 45* figs. I, 2, 3, 4. 1912; Text-book Pal. (Zittd), l^tman 2d ed. x: 701, fig. 
1343* P* 716, figs. 1376, 1377. 1913; Smiths. Misc. Coll. 57: 149-153. 19x2. 
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the sections of Cambrian and Ordovician trilobites, and finally the 
author’s conclusions as expressed by several diagrammatic restorations, 
also sketches of thoracic limbs of trilobites and recent crustaceans, 
crustacean limbs, and six plates of tracks and trails of trilobites, each 
adding evidence to the author’s deductions as to the appendages. 

Some conclusions drawn are that the trilobite’s appendages show it 
to have been a marine crustacean far more highly developed than would 
have seemed possible in a period so infinitely remote. The following 
are some of the conclusions: 

In its younger stages of growth a free moving and swimming animal, 
it later became a half-burrowing, crawling, and sometimes swimming 
animal and moving at times witii a flow of the tides and prevailing 
currents. 

Eggs have been found both within and free from the body. It was 
at home on many kinds of sea-bottom and was able to accommodate 
itself to muddy as well as to dear water. 

It was intensely gregarious in some localities and widdy scattered 
in others, depending upon local conditions, and habits of the various 
species. 

Trilobites had an ample system of respiration by setiferous exopodites, 
epipodites, and exites attached to the cephalic, thoradc, and abdominal 
limbs, (as shown in restorations of the limbs on plates 34 and 35.) 

The structure of the gnathobases of the cephalic limbs indicates 
soft food such as worms, minute animal life, and decomposed algae. 
The trilobite persisted from far back in pre-Cambrian time to the dose 
of Carboniferous time. . . and left its remains more or less abund- 
antly through about 75,000 feet of stratified rocks. 

The paper is profusdy illustrated and carefully indexed 

G. R. Brigham. 

NAVIGATION. — The search for instrumented means to enable narngOr 
tors to observe the altitude of a celestial body when the horizon is not 
visible. G. W. LiTTi^hai^, Proc. XJ. S. Naval Inst. 44: No. 8. 
August, 1918. 

The necessity of seeing the horizon, in order to find the latitude and 
longitude of a ship at sea, has generally preduded the taking of observa- 
tions of altitude at night when the number of celestial bodies shining 
in the firmament is the greatest and would present the most numerous 
opportunities for determining geographical position if the altitude 
could be measured without reference to the sea horizon. And even 
during the daytime navigators are often sensible of this inconvenience 
on account of the obscuration of the horizon by haze or fog while the 
luminary continues to be visible. 



232 


ABSTEACTS: NAVIGATION 


'While adverting to the instances in which the spirit-levd or liquid 
column has been adapted to instruments similar to the sextant, the. 
main object has been to give an account of the evolution of a dynamical 
artificial horizon for use at sea and, especially, of the gyroscopic horizon 
designed as an attachment to the frame of the sextant of reflection. 

G. W. L. 


NAVIGATION. — Altitude, admuth, hour angle. G. W. Litti^hales. 

Proc. U. S. Naval Inst. 43: No. ii. November, 1917. 

This paper presents a diart or diagram for finding, by a simple 
graphic method, hour angle or azimuth at sea. This chart is based 
upon the function of the angle called the haversine (half versed sine), 
not generally employed outside nautical drdes, and the formula used 
as a basis is: 

hav(a) = hav(6 c) + hav(6 + c) — hav(6 » c) hav A 

If the sides, b, c, be regarded as constants, a, A, being variables, this 
expression takes the form, 

y = mx + C 

which is the equation of a straight line. 

Based on this, a square diart is given, with sides graduated accord- 
ing to values of a series of natural haversines, by means of whidi hour 
angle and azimuth may be found, when the altitude and dedination 
of the body and the latitude of the place are given. By drawing a 
straight line upon such a chart through two points easily determined, 
a connection is established between hour angle and zenith distance 
on the one hand, and between atimuth and polar distance on the other. 
Hence, with either dement of each of these two pairs given, the value 
of the other may be taken firom the chart. The chart itself is 2 feet 
square and findy graduated so that it may be read with a great degree 
of accuracy. 

The diagram is practical for fitiding azimuth in sea navigation, 
and it is possible that in the future it may be adapted so as to be used 
generally for hour angle purposes as wdl, especially when the naviga- 
tion of the air becomes a matter of daily experience. J. P. Mevbr. 



abstracts: navigation 


233 


NAVIGATION. — The chart as a means of finding geographical position 
by observations of celestial bodies in aerial and marine namgaUon. 
Gr. W. Littlehauss. Proc. U. S. Naval Inst. 44: No. 3. March, 
1918. 

Building upon the principle that at any instant of time there is a 
series of positions on the earth at which a celestial body appears at 
the same given altitude and that these positions lie in the circumference 
of a circle marked out by a radius arm whose pivot is that geographical 
position which has the body in its zenith and whose length is the same 
arc-measure as the zenith distance or the complement of the altitude 
the method proceeds to recognize that the difference of the simultaneous 
altitudes of the same celestial body at two geographical positions is 
the shortest great circle arc-distance between the circles of equal alti- 
tude passing through the two places. By supplying the altitudes 
and azimuths of the celestial bodies as they would appear at stated 
intervals of time in a chosen geographical position within the limits 
of the chart, an observer, in a position as yet unknown, having measured 
altitude of a celestial body, may at once lay down the locus of his 
position by comparing the altitude so measured with the tabulated 
altitude of that body and laying off the difference between the measured 
and tabulated altitude as an intercept from the chosen geographical 
position in the direction of the azimuth of the cdiestial body and toward 
or away from the bearing of the body according as the measured alti- 
tude was higher or lower than the tabulated altitude. 

In the illustrative specimen, consisting of a map of the United States, 
a large compass diagram has been centered at the middle position 
in latitude 39° and longitude 97°, since the attending tabulation is 
with reference to this point; and since all altitude-differences are laid 
off from there, circumferences of equal distances from this point have 
also been ddineated, in order that, with a given altitude-difference, 
the observer may at once proceed to find the point through which his 
locus is to be drawn at right angles to the intercept of altitude-difference 
by passing out by the amount of the altitude-difference to the proper 
drawn or intermediate drcumference along the compass-radial indicated 
by the azimuth ascertained from the bordering tabulation. G. W. L. 
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WASHINGTON ACADEMY OF SCIENCES 

The Board of Managers met on March 24, 1919. The report of 
the special committee on distribution of the Proceedings was adopted, 
providing for the supplying of certain libraries from tiie excess stock 
on hand. 

The following persons have become members of the Academy since 
the last report in the Journal: 

Mr. D. Dale Condit, U. S. Geological Survey, Washington, D. C. 

Professor Ernksit Fox Nichols, Yale University, New Haven, 
Connecticut; and 2022 Columbia Road, Washington, D. C. 

Professor Elmer Ottis Wooton, Bureau of Plant Industry, U. S. 
Department of Agriculture, Washington, D. C. 

Robert B. Sosman, Corresponding Secretary. 


BIOLOGICAL society OF WASHINGTON 

The 593d regular meeting of the Society was held in the Assembly 
Hall of the Cosmos Club, Saturday, Mardh 8, 1919; called to order at 
8.00 p.m. by Vice-President Hollister; 60 persons present. 

Three informal communications were presented: 

P. B artsch : Remarks on a purple finch which had visited the grounds 
about his dwelling in the city for three successive seasons. This in- 
dividual bird had peculiar manners which distinguished it from the 
several other birds with which it was associated. He had seen it pass 
from immature to adult pltnnage. 

L. O. Howard: Remarks on the spread of the European corn- 
borer in Massachusetts and New York. 

N. Hollister: Remarks on the ovipositing of an Indian python 
in the National Zoological Park, It is at present brooding on twelve 
eggs. 

The regular program was a symposium: What kind of characters 
distinguish a species from a subdivision of a species. 

The discussion was opened by Prof. A. S. Hitchcock, who explained 
that, as chairman of the committee on communications, he had arranged 
to have the subject discussed by the exponents of a few of the larger 
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groups of orgasms. ^ It had been impracticable to include a discussion 
of the very interesting categories, known as physiological species or 
races, such as the parasitic ftmgi, among which are races that appear 
identical morphologically but which are confined to certain host plants, 
^ch to each, or such as the bacteria, many forms of which appear 
identical morphologically but which cause distinct physiological ^ects, 
either chemically on artificial substrata, or biologically in producing 
diverse diseases of plants and animals. Mr. Hitchcock further stated 
that much of our difiSiculty in determining whether a given form repre- 
sents a species or a subdivision of a species results from our ignorance. 
We do not have sufl&dent facts. If we are compelled to draw con- 
dusions from a single spedmen in a herbarium or even from several 
specimens we can give only an opinion as to the relation of this form 
to others, an opinion stren^ened, it is true, by training and experience, 
but at best only an opinion. If we have all the facts, or enough so 
that lacking data may be safely ignored, our problem is to interpret 
results and define relations. 

Mr. N. Holustkr said: Nearly all systematic mammalogists 
now distinguish subspedes from spedes by the test of intergradation : 
some workers insist upon an actual blending of characters over con- 
tinuous range between typical subspedes, while others admit what 
is known as “intergradation of characters,” even between insular 
forms, to be suflSdent reason for the use of the trinomial. Old con- 
ceptions of what is a spedes are now lightly considered, and authors 
are frequently inconsistent in their treatment of forms. A good defi- 
nition of a spedes was given a few years ago by one writer who stated 
that “a spedes is a thing described as such.” The same kinds of 
characters, or predsdy the same character, may serve in different 
instances for distinguishing subspedes, spedes, or even genera. The 
difference in the number of the enamd folds in the last upper molars 
of the capybaras of Surinam and Paraguay was dted as a case where 
a character sometimes of generic weight serves only to separate sub- 
spedes. Specimens showing the process of the loss of one fold are 
found in Brazil midway between the two typical races. It is a com- 
mon experience for the monographer working with material assembled 
from many collections to reduce numerous described spedes to the 
rank of subspedes; the forms so treated still retain exactly the same 
characters that served them as full spedes. 

Dr. H. C. Obsrholser spoke on the question from the standpoint 
of an ornithologist. He said: Most ornithologists at the present 
time regard the distinction between a spedes and a subspedes as one 
of the presence or absence of intergradation. In other words, a sub- 
spedes is an imperfectly segregated spedes — a form occupying a separate 
geographic area and intergr^ng with some other form. This inter- 
gradation may take place: (i) by gradual change over contiguous 
geographic areas; (2) by an abrupt change in an intermediate area; 
(3) by individual variation, whether or not the ranges of the two foims 
adjoin. The amount of difference does not constitute the distinction 



23^ 


proceedings: biouxjicai^ society 


between a species and a subspecies, because even very closely allied 
forms are species, if tJieir characters are trenchant and the birds do 
not freely interbreed; while, on the other hand, however great the 
differences may be between two forms, they are to be regarded as 
subspecies if intergradation exists. 

Dr. N. C. Kendall’s remarks were published in a recent number 
of this Journal (9: 187. 1919). 

Dr. P. Bartsch speaking on the question with respect to moUusks 
said: There are no hard and fast lines that can be invariably em- 
ployed in deciding to which nomendatorial category a certain form 
should be assigned. He thought that in the present imperfect state 
of our knowledge, most designations were largely a matter of judgment 
and e2q)ediency. Systematists at present imfortunately recognize 
only two categories, species and subspecies, by means of which they 
attempt to designate all the products of Nature’s laboratories. This 
makes all sorts of compromises necessary in order to squeeze a given 
form intojthe one or the otker of the two. It is his firm belief that 
when the work of experimental biologists and breeders, which is heaping 
up a pile of data, will have advanced a little further, we shall be furnished 
with a mass of information which will demand recognit on of a larger 
series of categories designed to express the true inwardness of phy- 
logenetic rdationship a little more definitely than it is expressed by 
our present system of nomenclature. 

In many instances it is not difficult to decide the status of a form. 
The old definition that “A species embraces an aggregation of indi- 
viduals which may differ in age, sexual, seasonal or individual char- 
acteristics” is easily enough applied in many instances; likewise can 
be applied the de^tion for the subspecies, which simply makes it 
necessary to have connecting dements between two such groups, 
but what shall be done with a case like the following? 

‘Tn the Philippine Islands we have, as far as Imown, only a single 
species of Vivipara in a given region. In Lake Lanao, on the other 
hand, we have apparently about fort}^ At all events there seem to 
be that many constant forms, for the young which I have extracted 
from probably more than a thousand individuals have always agreed 
with the parents in sculptural characters. The range of form modi- 
fications in these Lake L^ao viviparas can best be seen by consulting 
my papers on the group. ^ Another paper on this topic is almost 
completed. This is based on an examination of about 3,000 specimens. 
What designation shall be given to forms like these? These are probably 
the result of cross breeding between two distinctly related stalks of 
the genus. At least my Cerion breeding experiments would indicate 
this. 

^ The Philippine pond snails of the genus Vioipara, Proc. U. S. Nat. Mas. 
33: 135-150. pis. 10 and zi. 1907; Notes on the Philippine pond snails of the genus 
Vivipara, with descriptions of new species. Proc. U. S. Nat. Mas. 37: 365-367. 1909. 
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Sometimes I have deliberately used a trinomial when the data at 
hand really indicated a binomial. I^et me explain by an example. 
The genus Leptopoma has probably twenty phylogenetic stalks or super- 
species in the Philippine Archipelago, ^me of these groups have 
in the past been considered a single widely distributed very variable 
species. The abundant material which is rapidly accumulating in 
the U. S. National Museum proves conclusively that every island has 
its distinct form, and the larger idands, where faunal barriers exist, 
niay have two or more. In some cases, intergradations exist, while 
in others they do not. Now the rule would say, designate the distinct 
forms as species and those with inter^ades as subspecies, but how 
much more rational to consider the entire complex tmder one specific, 
name and the various races under a trinomial — at least for the present 
until material from the entire range showing all possible phases of 
these groups will have been examined, for by so doing one lists the 
advantage of knowing at once that the organism in question is the 
Leptoponia nitidum representative of Luzon, or a member of the Lep- 
topoma gomostoma group.” 

Mr. A. N. CaudblIv sis an entomologist said* In his work on the 
Orthoptera he recognized two grades below the species, that is the 
geographical race, or subspecies, and the variety. He gave the follow- 
ing definitions: 

Species. A group of individuals separable from allied groups by 
appreciable external morphological characters of a suJB&ciently stabilized 
nature to prohibit a general mergence through variation, based on a 
biological foimdation suffidently fcm to assure breeding true to nature, 
and the production of fertile progeny. 

Geographcal lace. An assemblage of individuals of a species dis- 
tingmshable from each other, and from the dominant form, by ap- 
preciable external morphological characters and occupying different, 
but adjacent, geographical regions, at the junction of which complete 
mergence through variation occurs. In other words, races are incipient 
species originating through variation caused by diverse environmental 
conditions due to geographical distribution. 

Variety. Individuals of a species or of a race varying more or less 
from the t3pical in external morphological or colorational characters, 
not with rdation to geographical distribution and subject to complete 
integration through variation. 

Each of these groups was briefly discussed and emphasis was given 
the fact of this being the present personal opinion of the speaker and 
not intended in any way to represent the views of entomologists in 
general. It was admitt^ that for use in a broader way, especially 
in higher zoological groups, the definition of species should be broadened 
to include physiologic^ characters, and also, probably, biological 
features. 

Dr. S. E. Blakb discussed the question from the botanical aspect: 
A subspecies in botany, as in zoology, is ordinarily distinguished from 
a species by the fact that it intergraxies with a r^ted form or forms, 
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wMe_ a ^edes does not. Two kinds of intergradation must be dis- 
tingmshed, that due to fluctuating variation, which indicates sub- 
spet^c rank, and that due to hybridism, which may occur between 
sp^es. As most systematic work is done with herbarium ^edmens, 
it is not posable to distinguish these by breeding tests, and thdr dis- 
crimination is a, matter of judgment and experience. Furthermore, 
the absen^ of intergradation is not in itself a criterion of specific rank. 
Many unit-character forms, very distinct in appearance, such as al- 
binos or forms with peculiar leaves, will not be found to intergrade, 
and th^ even have rather distinct geographical ranges. In such 
cases the rank to be given the form in question depends on the extent 
of the botanist’s fidd experience. In general, forms distinguidied 
by several constant characters are spedes; forms distinguished by only 
one or by inconstant characters, subspedes; but there is no absolute 
test which cm be applied, and in doubtful cases the dedsion dq)ends 
on the experience and point of view of the botanist. 

Fa(k of the above speakers was limited to ten minutes for the pre- 
sentation of his remarks. After the formal remarks a general dis- 
cussion ensued in which Messrs. A. S. Hitchcock, A. N. Caxidbu., 
P. BjiRTSCH, N. Hoixistbr, S. A. RohwBr, I/. 0. Howard, V. Baibby, 
and M. W. Lyon, Jr., took part. 

M. W. Lyon, Jr., Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

An executive order by the President, dated February 26, 1919, trans- 
fers twenty-three former officers of the U. S. Coast and Geodetic Survey 
from the War Department back to the jurisdiction of the Survey; 
and forty-six officers, similarly, from the Navy Department to the 
Survey. Five Survey vessels are also returned. The transfers are 
to become effective before April i, 1919. 

The Bureau of Mines has sent a special mission to Europe to collect 
information on the methods discussed and those adopted in the rebuild- 
ing of the mining and metallurgical plants and industries in tire 
devastated areas. The members of the mission are: F. G. Cottrbi*i<, 
chief metallurgist; G. S. Rice, chief mining engineer; W. Perdu®, 
petroleum technologist; and F. K. Probert of the University of Cali- 
fornia, consulting mining engineer. The mission will have headquarters 
in I/ondon. 

Messrs. Hoyt S. Gale and J. B. Umpleby, of the U. S. Geological 
Survey, have gone to France to investigate certain questions of mineral 
resources, particularly potash salts, involved in the peace negotiations. 

Dr. Olar Andersen, of the Mineralogical Institute, Kristiania, 
Norway, visited Washington in March. 

Lieut. Col. W. D. Bancroft, of the Chemical Warfare Service, 
has been elected Chairman of the Division of Chemistry and Chemical 
Technology of the National Research Council. 

Dr. W. N. Berg, formerly captain in the Sanitary Corps, and stationed 
at Camp Lee, received his honorable discharge from the Axmy in March 
and has returned to the Bureau of Animal Industry. 

Major Charles Harrod Boyd, for forty years an officer of the Coast 
and Geodetic Survey, died on February 9, 1919, at his home in Port- 
land, Maine, in his eighty-sixth year. He entered the Survey in 1855, 
served with the Port Royal expedition in i86r, and served under Gm. 
Barnard on the fortifications near Washington later in the war, re- 
tiring from the Survey in 1894. 

Dr. H. L. Curtis, of the Bureau of Standards, has gone for a three 
months visit to European laboratories to obtain data on the progress 
of certain war problems. 

Dr. Alfred C. Hawkins, recently appointed crystallo^apher in 
the laboratories of E. L du Pont de Nemours and Company, is spending 
a few weeks in studying recent advances in this subject at the Bureau 
of Chemistry and other Washington laboratories. 
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Capt. P. E. Landoet of the Nitrate Division, Army Ordnance, has 
resided from the service and has returned to his work as chemical 
engineer with the Research Corporation at New York City. 

Dr. A. 0. Lbuscshnbr, who has been with the National Research 
Cotmdl ance November, 1918, returned to the Universify of California 
in the latter part of March. 

Mr. Jaj^ W. McGuire, of the Coast and Geodetic Survey, has 
been appointed a member of the U. S. Geographic Board. 

lieut. Col. WiELiAM McPherson, Chemical Warfare Service, 
Professor of Chemistry at the Ohio State University, Columbus, Ohio, 
who was stationed in Washington in the early part of the war and was 
later sent to France, received his honorable discharge from the Army 
in March, and has returned to the University. 

Dr. W. B. Meedrum, professor of chemistr)' at Haverford College, 
and until lately a member of the Chemical Wmfare Service and of the 
price section of the War Trade Board, has received a temporary ap- 
pointmmt as assistant physical chemist at the Geoph3rsical Laboratory, 
Carnegie Institution of Washington. 

ProfessOT Sem Saeeand, Professor of Physics and Rektor of the 
Technological Institute of Norway, at Trondhjem, Norway, visited 
Washington in March. 

Dr. H. C. Tayeor, head of the department of agricultural economics 
in the College of Agriculture, University of Wisconsin, has been ap- 
p(wted Chief of the Office of Farm Management, Department of 
Agriculture. 

Col. W. H. WiEMBR, Medical Corps, U. S. A., returned to Washington 
on March 22. He expects to continue in the Army for a period to 
write the history of the laboratory work of the Air Service in loanee. 
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BOTANY . — Revision of Ichthyomethia, a genus of plants used for 
poisoning fish. S. F. Blake, Bureau of Plant Industry. 

The genus Ichthyomethia, belonging to the tribe Dalbergieae 
of the family Fabaceae, is of economic importance among the 
aborigines of tropical America as one of the plants commonly 
used as a fish poison. Its use for this purpose in Jamaica, 
where it is called dogwood, was so well described by Patrick 
Browne^ that it is only necessary to cite his quaint account. 

The bark of the root of this tree is used for the same purposes, and 
with the same effects, as the leaves and branches of Surinam poison, 
already described: it is pounded, and mixed with the water in some 
deep and convenient part of the river, or creek, etc., from whence it 
may spread itself more diffusively around, and in a few minutes after 
it is well mingled, you’ll see the fish, that lay hitherto hid imder the 
neighboring rocks, or banks, rising to the surface, where they float as if 
they were dead; in which situation they continue for a considerable 
time; but most of the large ones that are left, recover after a time; 
while the smaller fry are ah destroyed, and float upon the surface, for 
some days after. The eel is the only fish I have observed, that could 
not be intoxicated with the common doses of this bark, though it af- 
fects it very sensibly; for the moment the particles spread where it 
lies, it moves off, and swims with great a^ity through the water. 
I have sometimes seen them chased to and fro, in this manner, for some 
minutes, without being any wa5^s altered. 

The tree is generally considered as one of the best timber-trees in the 
island. The wood is very hard, and resinous; and lasts almost equally 
in or out of water. It is of light brown color, coarse, cross-grained, and 
heavy. 

The bark of the roots of the genus has found some application 
in eclectic medicine, under the name Piscidia or Pisddia bark, 

^ Nat. Hist. Jam. 296. 1756. 
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but it is not Ksted in the United States Dispensatoiy. The 
active principle, according to Hart as quoted by Felter and 
Uloyd,* is a neutral body, piscidin (Cs»H240g), which has narcotic 
and atifligpKwV properties. It has been used for alleviating 
insononia and neuralgia, for allaying spasms, and for similar 
ptirposes. ^Experimentally it has been found to bring about 
deat h in gnitnalg by cauang heart failure or by arresting respira- 
tc«ry action. 

Although tbifi genus has generally been known under the name 
Pisddia, given it by Linnaeus in 1759, it is necessary under the 
American Code of Botanical Nomenclature to adopt for it the 
tintne Ichthyomethia, published by Patrick Browne in 1756, 
with a reference to the original species, Erythrina pisdpula L. 

In addition to the original species, Ichihyomethia pisdpula 
(L.) Hitchc. (Erythrina pisdpula L., 1753; Pisddia erythrina L., 
1759), and some species wrongly ascribed to the genus by early 
authors, four species have been described : Pisddia Americana Moc. 
Sess6, P. mollis Rose, P. cubensis Urban, and Ichthyomethia 
havanensis Britton & 'Wilson. A sixth species is Derris grandifoUa 
Bonn. Smith, the fruit of which, unknown to the describer of the 
species, shows it to be a member of this genus. In addition to 
these species, study of the specimens in the National Herbarium, 
supplemented by material from the New York Botanical Garden 
and the Gray Herbaritun, has shown the existence of three new 
species, closely rdated to I. pisdpula but distinguished by 
constant characters and definite geographical ranges. My 
thanks are due to the curators of the herbaria mentioned for 
the loan of the material. 

Of the eight species here recognized, three (I. grandifoUa, 
I. mollis, and J. cubensis) are very distinct in characters of foliage 
and pubescence. The other five form a closd.y related group 
centring around the oxigiaal species, I. pisdpula. In making' 
out the characters which distingui^ these spedes, and in cor- 
relating them with distribution in definite floristic regions, I 
am indebted for advice and assistance to Mr. 'William R. Maxon. 
The first of these, I. pisdpula, definitely known as a native only 

* King's Amer. Dispensatory ed. XI. (3d revision) s: 1510. 1900. 
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of Jamaica, is distinguished by having the leaves evenly but 
not densely short-pilose beneath with spreading-ascending, 
usually rufescent hairs, while in the other four species they are 
merely puberulous to strigose. In two of these, I. havanensis 
and I. communis, the leaves are densely puberulous bmeath 
with incurved or ascending hairs, which are more numerous 
along the veins and veinlets and coincide with them in direction. 
In the remaining two species, I. americana and I. acuminata, 
the leaves are distinctly strigose or stiigillose beneath, and the 
hairs, except along the costa and the primary lateral vdbas, do 
not follow the direction of the nervation, but all point toward the 
margin of the leaf; in consequence of which the hairs which 
arise from the secondary and tertiary veinlets diverge from their 
veinlets at approximatdy a right angle, and those which arise 
from the surface below and near the veinlets lie across the latter 
transversdy. Associated with these characters of pubescence 
is a difference in the ceraceous covering of the under leaf surface. 
In I. communis the wasy covering is comparativdy thick and is 
divided by the ultimate vdnlets into definitdy raised areoles. 
In most of the other spedes it is thinner and flatter and, owing 
to the weaker devdopment of the veinlets, does not have the 
same areolate appearance. 

Piscidia carthagenensis, Jacq.,* briefly described by Jacquin 
from fruiting material collected at Cartagena, was said to differ 
from P. erythrina I^. in its obovate, much larger leaflets. No 
material from Colombia has been seen by the writer, and Jac- 
quin’s account is so incomplete that is it necessary for the present 
to leave the identity of the spedes in doubt. It is presumably 
most dosdy rdated to I. acuminata, and may prove to be iden- 
tical. DeCandoUe’s accotmt of P. carthagenensis in the Prod- 
romus* evidently applies in part to IcMiyometMa piscipula 
and perhaps to other spedes not then distinguished. 

Loefling’s Piscipula erylkrina,^ incompletdy described from 
trees found by I^tefling in northeastern Venezuela, is perhaps 

* Bnum H. Carib. 27, 1760; Stirp. Amer. 210. 1763. 

* Prodr. 2: 267. 1825, 

* It. Hisp. 275. 1758. 
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identical with Jacquin's P. carthagemmis. As I/oefling gives no 
account of the pubescence of the leaves, it is impossible in the 
absence of specimens to be certain of the identity of his plant. 

The only South American material of the genus in the herbaria 
which the writer has examined consists of fruits in the National 
Herbarium collected at Eio Macara, Ecuador, altitude 455 to 
610 meters, April, 1910, by C. H. T. Townsend (no. 849), and 
leaves in the Gray Herbarium collected on Chatham Island, 
Galdpagos Islands, 1899, by Snodgrass and Heller (no. 503). 
Both these collections are too imperfect for specific determination. 

Ichthyomethia P. Br. Nat. Hist. Jam. 296. 1756. 

Piscipula Loefl- It. Hisp. 275. 1758. 

PisMia L. Syst. ed. 10. 1155. 1759- 
Trees or shrubs, not climbing; leaves odd-pinnate, the leaflets oppo- 
site; flowers in lateral panicles, appearing before the leaves; calyx 
campanulate, obscurely 2-lipped, the upper lip emarginate, the lower 3- 
lobed, the teeth ddtoid; flowers rosy or white and red, rarely yellowish 
white, vexillum suborbicular or oval-obovate, emarginate, short- 
dawed; wings falcate-oblong, long-dawed, adherent to keel near mid- 
dle, the Ihnb auriculate above at base; keel obtuse, its petals long- 
dawed, their limbs united near middle for about one-third their length, 
aimctdate-sagittate on upper side at base; stamens 10, the vexUlar 
one free at tese for one-quarter to one-half its length, or rardy free 
throughout; ovary sessile, many-ovulate; style filiform, incurved, 
glabrous, with a small terminal stigma; legume indehiscent, firm, with 
linear b^y, broadly or narrowly 2-wmg^ on eadi suture, stipitate, 
I to 6-seeded, in age tending to break transversdy between the seeds. 
Type spedes, Eryihrina piscipula I/. 

KIEV TO Species 

Wings as broad as or much broader than the body of the fruit; leaflets 

3 to 12 cm. long. 

Leaves very densdy and softly cinereous-tomentulose or pilose be- 
neath; vexillum glabrous (so far as known); vexillar stamen 
entirdy free (so far as known). 

Leaves densdy tomentulose beneath i. 1 . grandifolia. 

Leaves densdy short-pilose beneath 2. L mollis. 

Leaves puberulous, strigose, or short-pilose beneath ; vexiUum densdy 
pubescent; vexillar stamen free for one-fourth to one-half its 
length. 

Leaves puberulous to strigose beneath. 

Leaves densdy incurved-puberulous or ascending-puberulous 
beneath, the hairs more numerous along the veinlets and 
paralld with them; stipe of fruit equafiig or slightly ex- 
ceeding the calyx. 
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Low shrub; petiole and rachis spreading-puberulous; leaflet 
prominulous-reticulate beneatJi; fruit 1.2 to 3.5 cm. long 

3. I. havanensis. 

Tree; petiole and rachis strigiflose or appressed-puberul ous; 
leaflets not prominulous-reticulate breath; fimt 2.5 to 7.5 

cm. long 4. I. communis. 

Leaves strigose or strigillose beneath, the hairs not more 

numerous along the veinlets, crossing them transversely; 
stipe of fruit much exceeding the calj^. 

Lobes of lower lip of calyx obtuse or rounded 

5. I, americana. 

Lobes of lower lip of calyx short-acuminate 

6. I. acuminata. 

Leaves short-pilose beneath with spreading-ascending 

hairs 7. I. piscipula. 

Wings much narrower than the body of the fruit; leaflets i to 2 cm. 
long 8. J. cubensis. 

1, Ichthyomethia grandifolia (Donn. Smith) Blake. 

Derris grandifolia Dotm. Smith, Bot. Gaz. 56 : 55. 1913. 

Tree, with stout branches; shoots of the year cinereous-tomentulose, 
the older branches glabrate; leaves 7 to ii-foliolate, 18 to 33 cm. long; 
petiole, rachis, and petiolules densely cinereous- or sordid-tomentulose 
with crisped spreading hairs ; leaflets 5.5 to 10 cm. long, 3 to 6.5 cm. wide, 
oval or the lowest ovate, broadly roimded, mucronulate, rounded at 
base, thick, above dull green, densely crisped-pilosulous, beneath densely 
cinereous-tomentulose with crisped spreading hairs, these in youth 
concealing the secondary veins; panicles cylindric, dense, 10 to 15 cm. 
long, sorfid-tomentulose; pedicels 1.5 to 4.5 mm. long; calyx 7 to 8 
mm. long, densdy sordid-pilosulous, the lobes of lower lip deltoid- 
triangular, short-acuminate; vexillum oval-obovate, glabrous, 10 mm. 
long; alae 12 mm. long (the daws 5.5 mm. long), the limb dliate on 
lower edge toward base; ked 13.5 mm. long, glabrous; vexUlar stamen 
entirdy free; fruit 4 to 9 cm. long, 2.5 to 5 cm. wide, 3 to 5-seeded, 
densdy sordid-pilosulous, the wings usually not divided, as broad as 
or broader than the body, the stipe exceeding the calyx by i to 3 mm. 
Type Locality: Cerro Gordo, Guatemala. 

Specimens Examined: 

Puebla: Zapotithm, 1908, Purpus **= 2648.'’ 

Oaxaca: Near Dominguillo, altitude 1370 to 1675 meters, 1894, 
Nelson 1826. 

Guatemala: Volcfin Imay, Dept. Jalapa, altitude 1525 meters, 
1908, Kellerman 8048 (N. Y. Bot. Gard.). Cerro Gordo, Dqpt. Santa 
Rosa, altitude -1100 meters, August, 1892, Heyde & Lux 3709 (type 
collection). 

This spedes departs from other members of the genus in its glabrous 
banner and its free vexiUar stamen. The flowers of the next spedes, 
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1. mollis, have not yet been collected, but from the a^eement in other 
features it is probable that they will show the same peculiarities. 'The 
fruit of both species is predsdy that of the type spedes of Ichthyo- 
wM^hia, and the character of the stamens is known to vary in the same 
way in rdated genera of this group. 

2. Idilhyomefhia mollis (Rose) Blake. 

Piscidia mollis Rose, Contr. U. S. Nat. Herb. 1 : 98. 1891. 

Tree, 3 to 8 meters high; branches rather slender, softly dnereous- 
tomenfrilose, in age glabrate; leaves 7 to 13-foliolate, 8 to 20 cm. long; 
petiole, raphis , and petiolules densely cmereous-tomentulose; leaflets 
3 to 7.8 cm. long, 2 to 4 cm. wide, oval to ovate, acute to rounded, 
at base rounded, whiitish green cm both sides, above densely j^osulous 
with crisped hairs, beneath densdy and softly short-pilose with as- 
cending hairs, in age prominulous-reticulate; fruit 2.5 to 5 cm. Icmg, 
3.5 to 4.5 cm. wide, i to 3-seeded, densdy dnereous-pubmilous, the 
wings much wider than the body of the fruit, sometimes split in age. 
Type Iocautv: Ridges about Alamos, Sonora. 

Specimens BzAMmEo: 

^nora: Alamos, 1890, Palmer 355 (type coUecticm). Dry hills. 
Alamos, 1910, Rose, Standley, & Russell 12906, 13515. Near Torres, 
1903, Comlle 1659. 

This spedes is distinguidied from J. grondifoUa by having its leaflets 
pilose rather than tomentose beneath. The flowers have not yet been 
collected. 'The plant bears the vernacular name “palo bianco.” One 
of the qiedmens ccillected by Rose, Standley, and Russdl, under thdr 
number 12906, is remarkable in having dull green, rather ^arsdy 
pilosuloos leaves. It is doubtless a sucker growth cn: yout^ dioot of 
the plant, and is not properly to be taken as indicating variation in the 
adult leaves, all those examined bang very constmit in both color and 
pubescence. 

3 . l^d^melhia havanensis Britton & Wilson, Bull. Tcnrey Club 

44 : 34. 1917. 

Shrub, 2 meters high; branchlets sparsdy puberulous, in age fuscous, 
l^brate; leaves 9-foliolate, 10 cm. long; petiole and radiis rather 
densdy sordid-puberulous with spreading hairs; latflets (immature) 
3.5 cm. long, 1.5 cm. wide, dliptic to oblong-oval, obtuse to rounded, 
mucronulal^ at base ameate-rounded, above dull greeu, ^reading- 
puberulous, glahrescent, beneath paler, prominulous-ieticulate, densdy 
puberulons with ascending hairs somewhat more numerous dong the 
veins; calyx 5 nun. Icmg, densdy nrfescent-strigillose, the teeth ddtoid, 
obtuse; fruit, 1.2 to 3.5 cm. long, 2 to 2.8 cm. wide, r to s-seeded, ap- 
pressed-puberulous, the wings muck wider than the body, usually 
undulate^vided. 
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Type Locaeity: Near Cojiioar, Havana, Cuba. 

Specimens Examined: 

Cdba: Thickets not far from Cojimar, May 14, 1915, Le 6 n & Roca 
6194 (lype; N. y. Bot. Gard.). 

This species, of which only the type, in &uit and young leaf, has been 
examined, is distinguished from the next by its smaller huit and smaller 
leaflets, these prominulous-reticulate beneath, as well as by the pubes- 
cence of the radiis and petiolules. 

4 . Ichthyomethia communis Blake, sp. nov. 

Tree, 20 meters high or less; brandilets strigillose, soon glabrate; 
leaves 7 or 9-foIiolate, 12 to 22 cm. lon^; petiole and rachis sordid- 
strigillose or appressed-puberulous, sometimes glabrate in age; leaflets 
4 to 12 cm. long, 2 to 5 cm. wide, oblong or ^ptic to obovate-ovd, 
acute or short-pdnted, rounded to cuneate at base, above green, ap- 
pressed-puberulous, at length glabrate, beneath pale, not prominulous- 
reticulate, densely incurv^-puberulous, the hairs more numerous along 
the veins; panides 3 to 9 cm. long, many-flowered, often brandied from 
base, Andy griseous-puberulous; pedic^ 2 to 6 mm. long; calyx 4.5 
mm. long, densdy dnereous-pube^ous; the teeth of Iowa: Hp broadly 
ddtoid, obtuse or rounded; vexillum 12.5 mm. long, suborbicular, 
densdy dnereous-pubescent on back; alae about 15 mm. long (the 
daws 7 mm. long), the lamina sparsdy pubescent; ked 12 nun. long 
(the daws 6.5 mm. long), the petals pubescent bdow, the daws dilate 
beneath above the middle; ve^ar stamen free for one-fourth to one- 
half its length ; fruit 2.5 to 7.5 cm. long, 2.8 to 4 cm. wide, i to 6-seeded, 
dnereous-puberulous, especially on &e body, the wings much wider 
than the body, usually undulate-divided, the stipe equaling the calyx 
or exceeding it by only 6 (rardy 9) mm. 

Type in ^e U. S. National Herbarium, no. 41958, collected in forests 
on coral soil. Ramrod Key (flowers), and on Jewfidi Xiesy, Florida 
Reaves and fruit). May and July, by A. H. Curtiss (no. 685). 

Other Speomens Examined: 

Feorida: Miami, 1877, Garber. Punta Rassa, Bee County, ipoc^ 
Hitchcock 76; 1916, Miss J. P. Siandley 257. Marco, Bee County, 
1916, P. C. Staiidley 12732. White Horse Key, and Key West, 1891, 
Simpson 234. Palm Cape, Chapman 34. 

Tamaueipas: Tampico, 1910, Palmer 510. 

San Buis PoTosf: Bunestone hills, Rasc6n, 1892, Pringle 4110. 

Veracruz: Pueblo Viejo, near Tampico, 1910, Palmer 541 (N. Y. 
Bot Gard.). 

YucatAn: M^da, 1865, Schott 260. Sisal, 1916, Gaunter & Sons 
23219. Without deflate locality, 1895, Gawmer 524. 

Honduras; Ruatan Island, 1886, Gaunter 154. 

Cuba: Manzanillo, 1912, Shower 12349. Ensenada de Mma, 
Oriente, 1912, Britton, Cowell, & Snafer 12926 (N. Y. Bot. Gard.). 
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This spedes, the commonest and most widely distributed of the 
genus, has not previosuly been distinguished from f. piscipula. It is 
readily separated, however, by the leaves, which in J. communts are 
densely incurved-puberulous beneath, with the hairs along even the 
ultimate veinlets parallel to the latter. In /. piscipula the leaves are 
short-pilose with spreading-ascending hairs beneath, and the hairs 
along the veinlets do not coincide with them in direction but lie across 
them transversely. 

J. communis is called “haabi” by the Mayas of Yucatdn, and “chijor* 
by the Huastecan Indians of Tamaulipas and Veracruz. 

S. Ichfhyomefhia americana (Moc. & Sess 4 ) Blake. 

Piscidia americana Moc. & Sessd, PI. Nov. Hisp. 116. 1887. 

Tree; branchlets appressed-puberulous, soon glabrate; leaves 9 to 
i^-foHolate, 12 to 20 cm. long; petiole and rachis appress^-pubescent, 
^abrescent, leaflets 4 to 8 cm. long, 1.7 to 4 cm. wide, oval-oblong or 
elliptic-oblong or the terminal one obovate-oval, rounded or obtuse, 
sometimes acute, rounded at base, pergamentaceous, above light green, 
^brous, beneath pale, evenly but not densely short-strigose, the hairs 
on the costa and primary veins appressed to thm, those on the sec- 
ondary and tertiary veinlets and on the surface directed toward margin 
rf leaf, thus crossing the veinlets nearly at a right angle, and not more 
numerous along thsiii between them; panicles 8 to 24 cm. long, strigil- 
lose; pedicels 2 to 7 mm. long; calyx 6 to 7 mm. long, cinereous-puberu- 
lous with appressed hairs, the lobes of lower lip ddtoid-ovate or broadly 
deltoid, slightly overlapping near base, obtuse or rounded, rarely 
acutish at tip; vesdllum 15 mm. long, densely cinereous-puberulous 
dorsally, in youth subsericeous; alae 15.5 mm. long (the daws 7 mm. 
long), the laminae sparsdy puberulous toward base; ked 15 mm. long 
(the daws 7 mm. long), ^e petals puberulous bdow; vexillar stamen 
free for one-third its len^; fruit 1,5 to 7.5 cm. long, i .8 to 4,3 cm. wide, 
I to 6-seeded, appressed-puberulous, the glabrescent wings much wider 
than the body, often undulate-divided, the stipe exceeding the caiyx 
by 6 to 12 mm. 

Type Locaeixy: Apatzingan, Michoacdn, Mexico, 

Specimens Examoted: 

MichoacAn: Hadenda Guadalupe, near Rio Balsas, 1903, Nelson 
6969. Nusco (MichoacAn or Guerrero), 1899, Langhssi 936, 

Guerrero: ha Junta, 1903, Nelson 6991. 

Guatemala: -Naranjo, altitude 90 meters, 1892, y. jj. Smith 2815. 

This spedes is called ‘"tatzungo” or “zatzumbo’* by the Tarascan 
Indians of MichoacAn, according to ModfLo and Sess^. in Guerrero it 
is known by the native name ‘‘cocuile” and the Mexican names “colorfn 
de peces” and “matapez.” Although there is little hi the description 
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of Modfio and Sess^ to differentiate this spedes, its identity is dear 
from the locality. 

6. Ichthyomethia actuninata Blake, sp. nov. 

Tree; branchlets strigillose, soon glabrate; leaves 7 to ii-foliolate, 

17 to 30 cm. long; petiole and rachis strigillose, glabrescent; l^ets 4 
to 13 cm. long, 2.2 to 7 cm. wide, oval to ovate-oval, or the terminal one 
obovate-oval or rarely suborbic^ar, obtuse or rounded, rarely diort- 
pdnted, rounded at base, pergamentaceous, above light or dark green, 
glabrous or essentially so, beneath paler, ev^y but not densely strigose 
or strigillose, the hairs lying across the prominulous secondary and ter- 
tiary vans and not more numerous along them t han between them; 
panides 10 to 30 cm. long, strigillose; pecffcels 4 to 8 mm. long; calyx 
5 to 6 mm. long, densdy dnereous-strigiilose, the lobes of lower lip dd- 
toid, acute or acuminate; flowers “pink;” vexillum 13 to 15 mm. long, 
densdy dnereous-stiigose dorsally, in youth subseiiceous; alae 15 to 

18 mm. long (tke daws 6.3 to 8 mm. long), the laminae sparsdy pubes- 
cent; ked 14 mm. long (fiie daws 6 mm. long), the petals pubescent 
bdow, the daws dilate bdow above the middle; vexillar stamen free for 
one-quarter to one-half its length; fruit 2 to 8.5 cm. long, 2.5 to 4 cm. 
wide, I to s-seeded, strigillose, the wings mudi wider tiian the body, 
often undulate-divided, ^e stipe exceeding the calyx by 8 to 13 mm, 

Type in the U. S. National Herbarium, no. 639537, collected in An- 
tigua, Lesser Antilles, February 4-16, 1913, by J. N. Rose, W. R. Fitch, 
and P. G. RusseU (no. 3419). 

Other Specimens Examined: 

Porto Rico: Playa de Fajardo, 1913, Britton & Shafer 1575. 
Punta Guaniqtulla, 1915, BriUon, Cowell, & Brown 4576. 

CinjSBRA: Culebra, 1906, Britton & Wheeler 62. 

Vieques Island: Punta Arenas to Boca Quebrada, 1914, Shafer 
2912. 

Tortola: Road Town to Sea Cow Bay, 1913, BriUon & Shafer 684. 

St. Croix: Christiaasted, 1913, 6* 3579. With- 

out definite locality, 1896, Ricksecker 320. 

St. Jan: Bethania, 1913, Britton & Shafer 336. 

Montserrat: Without definite locality, 1907, Shafer 462. 

Guadeloupe: Without definite locality, altitude 230 meters or less, 
1892, Doss 2662. 

Barbados: Dover or Constitution Hill, Farley Hill, 1895, Waby 83. 

Tobago: Scarborough, 1914, Brooduioy 4808. 

This spedes and the preceding (/. americana) are distinguished from 
the other spedes of the I. pisdpula type by the character of their 
pubescence and by the long stipe of the fruit. They ate distinguished 
from one another chiefly by the shape of the lower calyx lobes, which 
are acute or short-acuminate in the present plant and taper &om the 
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base, wldle in 1. americam ih^r are obtuse or rounded, or rardy ^^tiy 
acutish at the extreme tip. 

I. acuminata is known as “bds 4 niviant” and “bras h 6iivrer” in the 
I^iraich Idands of the lesser Antilles, and as “ventura” in Porto Rico. 

7 . Ichthyometbia pisdpula (I,.) Hitdic.; Sarg. Card. & For. 4:472. 

Oct, 1891.* 

Erythrim pisdpda h. Sp. PI. 2: 707. 1753. 

Piscidia er^rina h. Syst. ed. X. 1155. 1759. 

“Piscidia inArians Me£c. Vorles. Churpf. Phys. Ges. 2: 394. 1787.” 

“Piscidia toxicaria Salisb. Prodr. 336. 1796.” 

Piscidia pisdpula Sarg. Card. & For. 4 : 436. 1891. 

'Pree, 12 meters high or less; brancblets rufescent-strigillose, glabrate; 
leaves 7-fdliolate, 22 to 26 cm. loi^; petiole and rachis rmescent-stdgose 
or strigillose; lesdets 5.5 to 1 1.5 cm. long, 4.5 to 7 cm. wide, oval or 
obovate-oval, rounded or diort-pointed, at base rounded to slightly 
cordate, pergamentaceous, above deep green, strigillose-puberulous, 
l^abrate, beneath slightly paler, prominulous-reticulate, ratiier densely 
short-pilose with ^reading-ascending, usually somewhat rufescent hairs, 
these somewhat more numerous and more or less appressed along the 
costa and primary vans, those along the vdnlets crosdng them trans- 
ver^y and not more numerous than on the surface between them; 
panicles numerous, 5 to 16 cm. long, strigillose, mudi branched; pedi- 
cds 4 to 7 mm. lot^; cal^ 5.5 to 6 mm. long, densdy cinerecrus-sttig- 
illose, the lob^ of lower Kp deltoid, the lateral ones broadly rounded or 
obtuse, the middle one acute or acutish; corolla rosy or “white and red;” 
vexillum 13 mm. long, densdy strigillose dorsaUy, in youth subseticeous; 
alae r3.5 nun. long (the daws 6 mm. long), the lamina sparsdy pubes- 
cent along midline; ked 12 mm. long (the daws 5.5 mm. long), the petals 
pubes^t and diort-dliate bdow, their daws ^rat-dliate bdow above 
the middle; vesillar stamen free for one-fourth its lengtii; fruit 2.5 to 
7 cm. long, 2.5 to 4 cm. \nde, i to 6-seeded, dnereous-pubescent es- 
pedally on the body, the wings mudi wider tl^ body, otien undulate- 
divided, the stipe exceeding (^yx by 2 to 6 mm. 

Tsfb liocAwry: “In America calidiore.” Limiaeus’s references all 

rdate primarily to Jamaica. 

Spbciubns Bxauinbd: 

Jamaica: Morant Bay, 1850, March (N. Y. Bot. (Jard.). Berwich 
Hill, altitude 760 meters, 1899, Harris 7708. Hc^ Grounds, altitude 
640 meters. 1903, Harris 8518 (N. Y. Bot. Gard.). Great Goat Tsland, 
1906, Harris 9221. Vicinity of Kingstrai, 1910, Brown 364 (N. Y. Bot. 
Gard.). 

The use of this q)ecies by the natives of Jamaica as a fish poison 
was known to many of the older writers. Tbe spedes was apparently 

• This combiiiatio& was also published in November, 1891, by TTnntT^ (Rev, 
Gen. i: 191). 
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first listed by Hermann,^ in 1689, as “Coral arbor polypbylla non 
spinosa.” Sloan,’ in 1696, gave a long Ust of trees, moitioned by still 
older writers and travellers as fish poisons, which he doubtfully referred 
to this species. Ray,' in 1704, gave a good description oi the plant 
and mentioned its use. A figure of the leafless flowering brandi and of 
a portion cd the fruit, with an account of this spedes and of other fish 
pdsons, was also given in Sloane’s Natural History of Jamaica.^' 

IchihyomeHna pisoipula is readily distinguidied by the pubescence d 
its leaves, and is probably confined as a native to Jamaica, where it is 
known as “dogwood.” In the National Herbarium is a dieet from 
Key West, collected iu 1896 by A. H. Curtiss (no. 5656), and another 
collected in Florida in 1877 by Garber. It is probable that both these 
specimens were taken from cultivated trees. 

8. Ichthyomethia cubensis (Urban) Blake. 

Piscidia cubensis Urban, Sytub. Antill. 7 : 229. 1912. 

Shrub, I to 1.3 meters Ugh; young brandies greenidi, doisdy rufes- 
cent-strigillose, die older bran^es gray, lenticellate, glabrate; leaves 
5 to 9-foliQiate, 2.5 to 4.5 cm. long; petiole (3 to 7 mm. long), rachis, 
and petidlules (i mm. long) densely rufescent-strigillose; le&ets i to 
2 cm. long, 6 to II mm. wide, oval to oblong, emar^nate, apictdate, at 
base rounded to subcordate, coriaceous, prominulous-reticulate be- 
neath, above light green, ludd, ^arsdy strigillose toward margin or 
glabrous, beneath obscurdy str^illose <biefly along the vans; panicles 
rufescent-strigillose, 2 to 2.5 cm. long; pedicds 2 to 4 cm. long; cal]^ 
rufescent-strigillose, 4 mm. long, the lobes of lower Up ddtoid, broadly 
rounded; coroUa “pink or white” or “ydlowish white;” vedllum 12.5 
mm. long, subsericeous-strigose when young; lataal petals 13 mm. long 
(the daws 7 mm.), the limte ^arsdy pubescent at base, ^a^y dliate 
at apex; ked 12.5 mm. long, (the daws 6.5 nun.), the Umbs of the petals 
^at^y pubescent bdow toward base; vexillar stamen free for one- 
tUrd its length; fruit linear, straightish, rufescent-strigillose, sometimes 
constricted between the se^, i to 6-s^ed, 2 to 4.8 cm. long, 5 to 7 
min, wide; wings 4, only i mm. wide; stipe equaling calyx; se^ dive- 
fuscous, 4.8 mm. long. 

Tspe iocAUTv: Riverade to Minas, Camaguey, Cuba. 

Speombns Bxaminbd: 

Cuba.: Dry savanna. Riverside to Minas, Camagu^, April i, 1909, 
Shafer 1171 (type collection; N. Y. Bot. Card.). Rodcy sdl, Palm 
Barren, Swta Clara, March, 1911, Britton & CoweU 10179 (N. Y. Bot. 
Card.). Rocky sides of arroyo. Palm Barren, April, 1912, Britton & 
Cowell 13293 (N. Y. Bot. Gard.). 

^ Far. Bat. Ftodr. 328. 1689. 

» Cat. H. Jam. 143. 1696- 

* Hist FI. 3 dib. nxi.): 108. 1704. 

“ Voy. Jam. a: 39 . pl.xf6.f.4r-s. i7»5- 
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This very distinct species was described by Urban from Shafer’s 
nos. 1171 and 1549, of which the former is here selected as t3^. Ur- 
ban gives the marimtim size of the leaflets as 2.5 cm. long, and 1.7 cm. 
wide, and the fruit as having wings up to 2 mm. broad. 

Although the fruit of this species is very different in appearance from 
that the other members of the genus, owing to the great reduction 
of the wings, the difference is only a comparative one. In its floral 
structure I. cubensis agrees precisely with other members of the genus, 
and the morphology of the fruit is the same. 

BLECTRTC-TTY. — Methods of measuring conductivity of in- 
sulating materials at high temperatures. F. B. SiLSBBE and 
R. E. Honaman, Bureau of Standards. 

The purpose of this paper is to describe some measurements 
carried out at the Bureau of Standards during the past two years, 
on the resistance of various insulating materials at high tempera- 
tures. This work was undertaken with a view to studying the 
relative merits of various insulators for use in spark plugs, and in 
particular to assist the Ceramic Laboratory of the Bureau in 
developing improved porcelain bodies for this purpose. The 
method finally adopted, as a result of this work, for the com- 
parative testing of materials is described elsewhere.^ The 
present paper will be confined to a description of the various 
phenomena observed in the experiments which led to the method 
finally adopted. 

The electrical and thermal conditions under which a spark 
plug is required to operate differ considerably with the t3q)e of 
gasoline engine used. Measiurements with imbedded thermo- 
couples have shown that the temperature of the body of the in- 
sulator within the metal rixell seldom exceeds 250° C. in water- 
cooled engines. The tip of the inner end, however, may reach 
temperatures as high as 900 to 1000° C. It therefore appeared 
desirable to study the resistivity of the specimens in the range of 
temperature between 200 and 900“ C. 

Hie electrical stresses applied to a spark plug insulator by the 
average magneto or battery cod ignition system used for firing 
gasoline engines, are quite peculiar and difficult to duplicate in 

^ Report of the National Advisory Conunittee for Aeronautics, 1918. 
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any method of measurement. The cycle of operation, following 
the opening of the primary breaker contacts, consists of a rapid 
rise of the potential applied to the spark plug from zero to a value 
sufficient to break dowm the spark gap in the engine cylinder. 
The breakdown voltage is of the order of 6000 volts and is reached 
in a few htmdred thousandths of a second. After this, a com- 
parativdy low voltage (800 volts) maintains the electric arc 
between the spark points and lasts for a few thousandths of a 
second. Since the interval between sparks is of the order of 

O. 05 to o.i second, it will be seen that the average voltage ap- 
plied over a complete cycle is quite low and has been found to be 
approximately 150 volts. These peculiar electrical conditions 
should be kept in mind when considering the various methods of 
measurement described below. 

The materials studied in this investigation included porcelains, 
glass, steatite, mica, and fused silica, as these constitute the only 
dass of substances suffidently heat resisting for use' in spark 
plugs. While the detailed studies of polarization, etc. de- 
scribed in this report were made on only a few of the porcdain 
samples, the same effects seemed to be present to greater or less 
degree in all cases and the process of conduction is probably 
similar in all of them. The work of earlier investigators* has 
shown the complex nature of the phenomena, but as yet no com- 
plete and satisfactory theory has been worked out to account for 
them. 

APPAJRATUS AND SPSCIMBNS 

Most of the work reported in this paper was done on cup-diaped 
specimens with flat bottoms 3 mm. thick. The prindpal ad- 
vantages of this type of specimen are: 

(1) The conduction takes place through the bottom of the cup, which 
is of definite and easily measured dimendons. 

(2) The large area and small thickness of the bottom ensure a ida- 
tivdy large current even with material of high conductivity. 

’ Gkav, T. Phfl. Mag. V, 10; 226. 1880. Hawortb, H. F. Proc. Roy. 

Soc. London 81 A: 221. 1908. Sombrvuab, A. A. Phys. Rev. 31: 261. 1910. 
Camkbbia. Nat. Phys. Lab. ii: 207- X9X4- Kunusoir, C. 8. Pioc. Amer. 
Ceramic Soc. 17: 422. 1913. P001.B, H. H. .PhS. Mag. 34: 195. 1917. BracB. 

P. H. Trans. Amer. Blectrodiem. Soc. May 3, 1918. 
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(3) The path over the rim of the cup for any surface leakage is rda- 
tively long. 

(4) A satisfactory contact oati be made between the specimen and 
the electrodes by immersing the bottom of the cup in a conducting 
fluid (in these esperiments melted solder) and by inserting some of this 
fluid inade the cup to form the upper el^trode. 

These specimens were used in the furnace shown in figure i. 


b’jn 
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Fig.i. Biectricfarmceasused incoaductmty measuiemeiits. 

The heating ccdl inserted in the plug bdow the spedmen was found 
necessary to compensate for the flow of heat through the bottom 
of the ftimaoe. By proper adjustment of the rdative amounts 
of current through the main winding and thmu gh this 
coil, the temperatures inside and outade the cup could be equal- 
ized. These temperatures were measured by two copper con- 
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stautan thennocoiiples, one of which was insetted in a closed 
porcdain tube which dipped bdow the surface of the solder in 
the interior of the cup, while the other was imbedded in the steel 
cup containing the solder bdow the ^chnen. Readings of the 
resistance were taken only when these two thermocouples diowed 
substantially equal temperatures. 

In cases where cup specimens were not available, measure- 
ments were made on assembled spark plugs and also on spark 
plug insulators, and on diort pieces of tubing. In these cases the 
conduction took place between a central electrode and either the 
^eU of the spark plug or a band of platinum d^osited aroimd 
the center of the outside of the insulator or tube. The measure- 
ments with this type of specimen were definite in indicating the 
resistance of the specimen, but owing to the uncertainty as to 
the area of contact and the location of the Hnes of current flow, 
it is difficult from such data to compute with accuracy the true 
resistivity of the material. 

For reducing the results of either type of specimen from the 
observed resistance to a basis of the resistivity of the material, 
the factors coimecting these two quantities were cconputed from 
the dimensions of the ^ecimens. For the cup specimen, 
the resistivity is obtained by multiplying the observed resistance 
by K, where 



(i) 


and d is the diameter of the bottom of the cup and t the thickness 
of the cup in centimeters. For the tubular ^edmen 

K = ^ (approx.) (2) 

' 2.3ologioj^^ 


where I equals the length of the external conducting band meas- 
ured paralld to the length of the specimen, and R^s and Ri are 
respectively the external and internal radii of the insulator. 

In most of the work the resistances were measured by reading 
a voltmeter connected across the specimen and an ammeter in 
series with it, and taking the quotient of these values as the re- 
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sistance. As will be seen from the following, a wide variety of 
sources was used to provide the applied voltage and the indicating 
instruments were correspondingly varied in character. 

VARIATION OF RESISTANCE WITH TEMPERATURE- 
The first experiments were carried out with an applied direct 



Fig. 2. Typical results on porcelain cup showing yariation of resistance with 

temperature. 

current voltage of about 2000 volts which was obtained by recti- 
fying with a kenotron a 3000 cycle voltage supplied from a step- 
up transformer. This rather complicated system was chosen 
in an attempt to duplicate to some extent the voltages existing 
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in ignition systems, and although this source of voltage was later 
abandoned, the data obtained with it brought out the salient 
facts in regard to this tjrpe of conduction. The most striking of 
these facts, as verified by other measurements made later, is the 
very rapid decrease in resistance of the specimen with increase 
in temperature. This variation amounts to approximately 
2 per cent per degree Centigrade at all temperatures. If the re- 
sults are expressed by plotting resistance against temperature, 
or conductance against temperature the resulting curves are so 
steep as to render it impracticable to express the data over an 
extended temperature range by a single curve. It is fotmd, how- 
ever, that by plotting the common logarithm, of the reristance 
against temperature, as in figure 2, a convenient line of slight 
curvature is obtained, and if this curvature is neglected, the 
results can be represented approximately by the equation 

logic R = a — bt (3) 

This method of expressing the results is very convenient in re- 
ducing the data to a basis of resistivity, since combining the re- 
lation 

P = X X i? (4) 

with equation (3) one obtains 

logic p = a + logic K-b t = c—h t (5) 

In this equation b and c are constants of the material and are 
independent of the shape and size of the specimen used. Un- 
fortunately, however, the values obtained for one of these con- 
stants depends very markedly upon the other, so that a slight 
error in one will cause a compensating change in the other. They 
are, therefore, not well suited for comparing the rdative merits 
of the different materials and for this latter purpose it has been 
found convenient to compute an “effective temperature” (T,), 
which is defined as the temperature at which the material has the 
arbitrarily selected resistivity of one megohm per centimeter cube, 
and whidi may be computed from the equation 



( 6 ) 
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This value of T, ranges from 350® C. in the poorer grades of 
porcelain up to 800° C. for fused silica, and is a convenient index 
of the value of the material as an insulator at high temperatures. 
Tliere is a complete absence of any critical temperature at which 
the material undergoes an abrupt change in its resistance. This 
^ows the error of the commonly accepted idea that porcelain 
breahs down and becomes conducting at a definite temperature. 
This bdief probably originated from experiments in which the 
temperature of a porcelain sample was gradually raised while 
being continuoudy subjected to an applied voltage. The effect 
of the current flowing through the sample in such cases would 
be entirely negligible up to a certain temperature at which the 

power, ^ , supplied by the measuring current, became comparable 

with the rate at which heat could be dissipated to the surround- 
ings. Owing to the very rapid rate of change of resistance with 
temperature, a very slight further increase in temperature would 
materially decrease the remstance and consequently increase the 
E® 

^ loss. Unless the specimen was in a position to give off heat 

freely to its surroundings, the temperature would rise rapidly 
caudng a further decrease in resistance, thus leading to an un- 
stable state which would rapidly cause the fusion of the material 
and the passage of an arc. The rapidity of change of resistance 
with temperattue makes this pcnnt of instability quite definite, 
provided all the conditions of the experiment are maintained 
constant, but this apparent critical temperature will depend very 
greatly upon the contact between the ^edmen and the furnace, 
upon the applied voltage and other cxmditions, so that this is 
in no sense a specific property of the material. 

The magnitude of this heating effect is exemplified by the 
bdiavxor of a porcelain sample tested when hot, for example at 
500° C. At this temperature, the resistance of a centimeter cube 
of ordinary porcdain is about icx>,cxx:> ohms, and if a voltage of 
only 500 volts per millimeter (t. e., only about Vao of that required 
to puncture it while cx)ld) be applied, the current flowing will be 
50 milliamperes and the power dissipated in the sample will be 
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250 watts This will suffice to raise the temperature of the sample 
at a rate of about 100° C per second and will cause its rapid de- 
struction. 

This heating of the specimen by the measuring current was 
observed on numerous occasions when making tests at 2000 and 
1000 volts, and in each case the samples on removal from the 
furnace were found to contain one or more spots where the por- 
cdain had been fused into a glass by the intense local heating. 
In the later work at lower voltage, this effect was not present, 
and readings were taken only when the current was substantially 
constant 

POBAMZATION 

The early measurements with high voltage direct current 
showed a number of puzzling discrepancies, such as a variation 
of the apparent resistance with the voltage used in making the 
measurement and with the time of application of this voltage 
Such discrepancies indicated the presence of an additional phe- 
nomenon to be reckoned with, which in the absence of definite 
knowledge as to its origin was called “polarization” and will 
be so referred to throughout this report. 

The fundamental manifestation of this so-called polarization 
is that if a constant D. C. voltage be applied to a specimen, the 
resulting current will decrease at first rapidly, and then more 
gradually. The reduction in cuirait is often equivalent to an 
increase in resistance by a factor of 10 or 20. If the specimen is 
allowed to remain at a high temperature but without applied 
voltage for some time, the effect gradually disappears, but a 
considerable time is required to accomplirii this l^he disappear- 
ance is more rapid at high temperatures than at low. figure 3 
gives a record of the variation of the apparent resistance of a 
glass beaker, as measured with 1000 volts D. C. after various ap- 
plications and removals of the measuring potential. The course 
of the ejqperiment is indicated by the arrows and the duration of 
each period of application or of rest is indicated on the curve. 
The lowest and highest curves give the resistance as observed 
with very short application of the testing voltage just prior to the 
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polarizing test, and on the following day, respectively. The 
apparent permanent increase of resistance observed with this 
specimen serves to explain some mysterious results obtained at an 
earlier date, in which one specimen had shown an increase of 
resistance to more than twenty times its initial value after 



several successive tests. The fact that an appreciable time is 
required to obtain a reading, even with quick acting direct cur- 
rent indicating instruments, and that during this time the speci- 
men is being polarized, is probably a complete explanation of the 
variation of apparent resistance with applied voltage. If the 
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applied D. C. voltage is suddenly reversed after a specimen hag 
become polarized to a con^derable ^tent, the initial current 
in the new direction is found to be approximately equal in mag- 
nitude to the original current and mudi greater than the value 
immediatdy preceding the reversal. This implies a counter 
E. M. E. and an attempt was made to observe such an effect by 
connecting an electrostatic voltmeter across the specimen. No 
residual defection of this meter was observed when the supply 
current was removed, even after long continued polarization 
of the specimen. This result is to some extent in contradiction 
to facts mentioned by other observers.® 

A magneto having alternate distributor points of the same 
polarity connected together was also used as a source of voltage 
and the polarizing effects found to be in every way similar to those 
obtained with a steady D. C. source of the same average voltage 
(150 volts). 

When alternating current is applied to a fresh specimen, there 
is no polariziag effect and the current remains constant indefi- 
nitely, except when the current is so large as to produce heating 
of the specimen. When alternating current is applied to a speci- 
men which has been previously polarized by direct current, the 
polarization disappears at a more rapid rate than if the alternating 
current had not been applied. 

An attempt to throw light on these complex phenomena was 
made by applying alternating and direct current simultaneously 
to a q)ecimen. This was accomplished by connecting a trans- 
former in series with a generator. By cqjening the primary cir- 
cuit of the transformer, or the field of the generator, either source 
of E. M. F. could be eliminated without ope n in g the circuit or 
interfering with the current flow from the other source. The 
A. C. voltage was measured across the transformer terminals 
with a moving iron voltmeter, and the D. C. voltage by a d’Ar- 
sonval type D. C. voltmeter across the generator. The alter- 
nating current through the specimen was passed through the 
moving coil of an electro-dynamometer, the fixed coil of which was 
excited by an alternating cmrent of constant magnitude and in 

■ Maxwsia, J. C. ]^ectridty and Magnetism. Ed. 3. z: 393. 
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Fig. 4. Polarization with alternating current and direct current sup< 




Sn<SBBB AMD HONAMAM: CONDUCrmW MEAST 3 SBMENTS 263 

the same phase as the alternating voltage applied to the sped- 
men. The direct current through the specimen was measured 
by a D. C. milliammeter connected in series with the specimen 
and the dynamometer. With thig arrangement, each pair of 
instruments measured only its particular component of the re- 
sultant current and voltage and was not affected by the pres- 
ence of the other component. Figure 4 shows the variation with 
time during the course of the es.periments of the resistances as 
computed from the two components of the current. In this ex- 
periment the maximum value of the A. C. voltage was greater 
than the D. C. voltage, so that the resultant voltage applied to the 
specimen reversed in sign dtuing each alternation. Other ex- 
periments, in which the maximum alternating voltage was less 
than the D. C. voltage, and the resultant voltage was conse- 
quently tmidirectional, diowed substantially the same effects. 
Hiroughout the experiments, the temperature was hdd as nearly 
constant as possible, but a gradual drift of resistance will be 
noticed, which can be accounted for by a slight change of tem- 
perature. It appears from these results that the resistance of 
the specimen is substantially the same for both the alternating 
and direct currents for all states of polarization. Or, in other 
words, the polarization produced by the direct current offers 
resistance to the passage of the alternating current and the de- 
polarization produced by the alternating current reduces the 
resistance offered to the passage of the direct current. 

When altanating current alone was applied to a fredi speci- 
men, the power factor of the circuit was found to be substantially 
unity. K, however, the specimen had recently been polarized 
by the application of direct current, the power factor was some- 
what reduced; values as low as .9 having been observed. 

The data described above are quite insufficient for the devd,- 
opment of any complete theory of this “polarization,” but it 
would appear that the assumption of a cotmter E. M. E. is ruled 
out by both the experiments of combined alternating and direct 
current and by the difficulty of imagining a mechanism capable 
of producing a counter E. M. E. of the order of several thousand 
volts, which would be required to produce the observed decrease 
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of current. A possible explanation may be devdoped on a basis 
of the migration away from one dectrode, of the ions carrying 
the current, thus leaving a scardly of carriers for the further 
passage of current in the original direction, but providing a 
plentiful supply for currents in the reversed direction. Another 
suggested explanation is the formation of resisting films which 
may cover a considerable part of the area of the dectrodes but 
which are readily removed by dectrolysis on reversal of the 
current. Tests made using platinized surfaces as dectrodes 
instead of the mdted solder showed no difference of behavior. 
It may be noted in this connection that when the samples were 
removed after cooling, the solidified solder adhered fiirmly to 
both surfaces of the cups which had been tested with direct 
current, but could be very readily peded off from specimens 
which had been tested on alternating current. 

DISCUSSION OF METHODS FOR MEASURING RESISTANCES 

As a result of the data obtained in the preliminary experiments 
just described, it was dedded to adopt as the most satisfactory 
method for the rapid comparison of different iypes of insulating 
materials, the volt-ammeter method using alternating current. 
Under these conditions the observed resistance is substantially 
independent of the frequency, voltage and time of application, 
and the convenieut values of 60 cydes and 500 volts were adopted 
for the later work. Figure 2 shows the typical results obtained 
by this method and indicates the agreement attainable on suc- 
cessive runs even at different voltages. It should be remembered, 
however, that the results thus obtained are for the material in 
the unpolatized state and, when in actual use in ignition ^sterns, 
the material may show a much higher resistance to Ihe tmi- 
directional impulse from the magneto. 

Of other possible methods for sudi work, a bridge method 
using D. C. would be objectionable because of the variable 
amount of polarization which would occur. Attempts were 
made to use alternating current as a source but the measurements 
are complicated by the effect of stray capacities shiintiTig the 
high resistances whidi are necessary, and the time required to 
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obtain a balance on. the bridge is a serious draw-back because of 
the rapid change in the resistance to be measured with even slight 
drifts of temperature. 

The megger, while extremely rapid and convenient, is open 
to the disadvantages of polarization and to the fact that the 
voltage supplied varies very considerably with the reristance of 
the specimen under test. 

The use of a magneto in place of alternating current as a source 
has the great advantage that it approximatdy diipljrat^ the 
conditions of operation in the engine. The magneto, however, 
is very variable in its output, both from instant to instant and 
as a result of permanent changes in the magnets, contact points, 
etc. Moreover, there is an abrupt change in the operation of 
the machine when the resistance of the specimen becomes so 
low as to cause the spark in the safety gap to cease, and also 
the total variation of the current delivered with various resistances 
in the circuit is comparatively slight, with this type of machine. 

A method involving the measurement of the rate of loss of 
charge from a condenser connected in paralld with the specimen 
has been used by Cunningham. This method imitates the con- 
ditions of operation much more closely than does the A. C. 
method but not as perfectly as the use of a magneto as a source. 
The principal objections are the very delicate string electrometer 
which is required and the necessity of recording the result 
photographically. 

'TyPICAB RESULTS AND CONCLUSION 

The following table gives the results obtained by the use 
of the alternating current method on a number of t3q)es of sam- 
ples, the dgnificance of the various constants bring the same as 
those defined on page 257. 

These figures show a wide variation in the resistance of the 
different materials but a rather surprising similarity in the con- 
stant b which is a measure of the temperature coefficient of their 
resistance. It riiould be mentioned in this connection that while 
successive measurements with alternating current on a single 
specimen give results repeating to a few percent, yet measure- 
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TABUB I 

RESISTmT? 0 * iNStH^ATIKG MAYSRlAbS 


Material 

C 

b 

( 

pat 500*0. 

Fused silica 

11.8 , 

0065 

j 890*0. 

1 

340 X io» 

Best porceiain tested 

II.2 

.0066 

1 790 

80 X 10* 

Typical mica plug 

12 I 

.0085 

720 

70 X 10* 

Average three aviation porcelains. , . 

II. 5 . 

.0085 

650 

40 X 10* 

Average automobile porcelain. 

10.2 j 

.0085 

490 

0.8 X 10^ 


ments on different qjedmens of material which are supposed to 
be identical show wide variations in resistivity amounting in 
some cases to a factor of lo. This fact tends to indicate that the 
conduction is due to a conaderable extent to the presence of 
small amounts of impurities whidi may vary greatly in amount 
without appreciably affecting the composition of the material 
as a whole. 

It appears from the above data that the A. C. method devdoped 
is very practical and convenient for comparative measurements 
on samples of this character^ but that there is a very wide fldd 
of investigation concerning the phenomenon of polarization and 
mudi interesting work may be done in devdoping theories as 
to the precise mechanism by whidi conduction is carried on in 
this dass of materials. 







PROCEEDINGS OP THE ACADEMY AND AFFILIATED 

SOCIETIES 


WASHINGTON ACADEMY OF SCIENCES 

The Board of Mana^iers met on April 14. Routine business was 
transacted and new members dected. Mr. H. V. Hari^an was ap- 
pointed an associate editor to succeed Mr. J. B. Norton, who had re- 
signed on account of absence from Washin^on. 

The following persons have become members of the Academy since 
the last issue of the Journal: 

Professor Charles O. Appleman, Maryland Agricultural Experiment 
Station, College Park, Maryland. 

Miss Eleanora F. Buss, U. S. Geological Survey, Wadiington, D. C. 

Mr. Harry V. Harlan, Bureau of Plant Industry, U. S. Department 
of Agriculture, Washington, D. C. 

Dr. S. L. JODiDi, Bureau of Plant Industry, U. S. Department of 
Agriculture, Washington, D. C. 

Mr. Irwin G. Priest, Bureau of Standards, Washington, D. C. 

Robert B. Sosman, Correspcftding Secretary. 

THE PHILOSOPHICAL SOCIETY OF WASHINGTON 

The 812th meeting was held at the Cosmos Club, January 18, 1919. 
President Humphreys in Ihe chair, 48 persons present. The minutes 
of the 809th and 81 ith meetings were read in abstract md approved. 

The paper of the evening was presented by Major L. T. Sutherla^ 
on Some of the accompUshments of Ike research division of ihe chemical 
warfare service. 

There was no discussion of the paper as such. However, the speaker 
expressed his willingness to answer questions and his relies to the 
questions asked him brought out many interesting points. 

Upon motion duly seconded a unanimous vote of t hank s was tm- 
dered the speaker. Adjournment took place at 10:09 p.m., following 
which there was a social hour with light refreshments. 

The 814th meeting was held at the Cosmos Club, February 15, 1919- 
President Humphreys in the <^air, 45 persons present- The minutes 
of the 813th meeting were read in abstract and approved- 

The fiiSt paper was presented by Mr. L- A. Bauer on The field of a 
uniformly nuignetieed elliptic homoeotd and applicaiions. ^ 

There have been repeated occamons in the course of the author*s 
investigations when he had need for the sinylest possible expressions 
defining the magnetic fidd of certain magnetized bodies, such as ^lip- 
soids of revolution, homoeoids, focaloids and cyHnclers. A variety 
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of investigations will be found in treatises and papers by eminent 
authors, but the derived expressions either stop at the gravitation 
potenti^ and intensity components, or but special cases of magnetiza- 
tion are treated. Furthermore the publish^ expressions for general 
cases are often needlessly complex or they contain errors of one kind 
or another which in some instances have been repeated by later authors. 
Hence, the attempt was made to derive the desired expressions in the 
simplest manner possible for practical application. Certain war prob- 
lems gave added zest to this attempt. 

According to Poisson, who first solved the problem of induced mag- 
netism in an dlipsoid placed in a uniform magnetic field, if be the 
gravitation potential at the point (x, y, s) of a body of uniform density 

p, then — is the magnetic potential of the same body uniformly 

OiX 

magnetized in the direction x with the intensity A = p. Similarly 
with regard to any other direction of uniform magnetization. If the 
uniform magnetization results from magnetic induction, the mag- 
netizing field at all points in the interior of the body will be uniform. 
So that if the external magnetizing field is uniform, the magnetic field 
resulting from the magnetization will also be uniform for all points in 
the interior of the body. 

The ellipsoid is the onlv body for which ^ is a linear function of the 
" ox 

coordinates x, y, z in the interior, and V, accordingly, a quadratic 
function of the coordinates. Poisson’s method can, therefore, be ap- 
plied to the case of the ellipsoid. 

Hence if A, B and C be the intensities of magnetization parallel 
to the three axes of the ellipsoid, and AT', Y* and Z' the components of 
gravitational intensity due to a homogeneous ellipsoid of uniform den- 
sity p = I, the magnetic potential due to the dlipsoid at any external 
point as resulting from the induced magnetization will be 

V = AX' - BY' - CZ' (i) 

As defined by Thomson and Tait^ “an dliptic homoeoid is an in- 
finitely thin sheil botmded by two concentric siinilar ellipsoidal surfaces.” 
^e total intensity produced by such a shell at points within the hollow 
interior is zero, and at external points anywhere infinitdy near the 
homoeoid it is pe^endicular to the surface, directed inward and equal 
to 4‘3rpj, where p is the constant density of the homogeneous mass and 
t is the thickness of the shell at the point for whi<^. the intensity is 
sought.® Since, furthermore, any two confocal homoeoids of equal 
masses produce the same intensity at all points external to both, we 
have in general that the toted intensity produced by a homogeneous elliptic 
homoeoid at an external point y, z) is equal to 4icpi, p being the constant 
density and i the thickness of the elliptic homoeoid at the point (%, y, 0 ), 

^ Thomson and Tait*s Natural Philosophy. Pt. 2; 43, footnote 2. 

* Idem. Pt. 2: paragraphs 5i9-"5*5- 
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confocal to the given honweoid and passing through x, y, s; the intensity 
is along the normal and directed inward^ or towards the given shell. 

On the basis of equation (i) and MacLaurin's theorem the author 
has deduced: 

1. Expressions for the fidd of an inductively magnetized rotation 
ellipsoid in a more convenient form for the general case than previous 
ones. 

2. Expressions for the field of an inductively magnetized prolate 
elliptic homoeoid have been established, possibly for the first time. 

It was also shown that expressions in fi^te form may be established 
for the field of an inductively magnetized elliptic homoeoid in general — 
that it is not necessary to assume a rotation elliptic homoeoid. This 
matter is of special interest in view of the fact that expressions for the 
field of an inductively magnetized solid ellipsoid, in general, have not 
yet been established in finite form. 

In condusion various applications of the derived formulae were given. 

The paper was illustrated by lantern slides and was discussed by 
Messrs. Ajbbot, Limi^Bhales, Sosman and Humphreys. 

The second paper, also illustrated by lantern slides, was presented by 
Mr. S. J. Mauchuy on Sofne results of atmospheric-electric observations 
made during the solar eclipse of June 8 , igi 8 . 

The observations forming the subject of this paper were made in the 
bdt of totality near Lakin, Kansas, in accordance with the general 
plan of the Department of Terrestri^ Magnetism of the Carnegie In- 
stitution of Washington for magnetic and dectrical observations 
dining the total solar eclipse of June 8, 1918. The observing station 
was located on a levd tredess plain and the general weather conditions 
on the afternoon of the edipse were favorable for atmo^heric-dectric 
observations. The period of totality at Lakin was of about 84 seconds 
duration. 

The potential-gradient was determined from eye readings of an dec- 
troscope giving Sie p. d. between the earth and an ionium collector 
supported at a distance of 95 cm. above the ground, from the middle of 
a long, insulated, hoiizontd wire. Obserrations were made every 
two minutes over a period of 6 hours approximatdy symmetrical about 
the time of totality. The main results may be summarized as follows : 

(1) Beginning 8 minutes before and continuing throughout totality 
there was a rapid but nearly uniform decrease of the potential-gradient 
amounting to about 25 per cent of the values immediatdy preceding. 
The genial tninimum thus establidied persisted for about 20 minut^ 
after totality and was marked by a sharp secondary minimum 6 
minutes after mid-totality. 

(2) Throughout the general minitnum referred to there was almost 
total absence of the irregular, short-period, fluctuations which char- 
acterized the potential-^adient on the afternoon of the eclipse. Be- 
ginning 20 minutes after totality and continuing for about 20 minutes 
there was a marked but gradual increase to approximatdy normal 
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values of both the gradient and the amplitude of its short-period fluctu- 
ations. 

For the observations of the specific conductivity of the air the as- 
piration apparatus devised by Gerdien was employed. By the use of 
a separate apparatus for each, it was possible to make approximat^y 
sim^taneous observaticnis of the positive and negative conductivities. 
The time for a tingle determination was 2 minutes, and, except for the 
timp required for maVing frequent calibration and leak tests, the ob- 
servations were made continuously throughout a period of 6 hours 
symmetrical about totality. The results showed, for both signs, a very 
marked increase in conductivity just before totality. These abnormal 
A^ues continued for about 20 minutes after totality when both con- 
ductivities b^;an to decrease. The time of return to normal afternoon 
values, for both tigns and also for the total conductivity, corresponded 
very dosdy to the time when the potential-gradient regained its normal 
values. 

A short r^sumd of the results of atmo^heric-dectric observations 
during previous edipses by other observers was also given and com- 
parisons made with the foregoing. 

Adjournment took place at 10*20 p.m. and was followed by a sodal 
hour and refreshments. 

The 816th meeting, a joint meeting with the Wadiington Academy of 
Sdences, was hdd at the Cosmos Club, March 15, 1919, President Hum- 
phreys inesiding. 

The address of the evening was given by Dr. H. D. CusTis on Modern 
dteories of spiral nebulae. 

This address was illustrated by lantern dides and has appeared in 
this Journal (9: 217. 1919). 

S. J. Mauchly, Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

Dr. Paul Bartsch, of the National Mttseum, has returned from an 
extended lecture tour to various army camps. 

Mr. C. F. Bowbn resigned from lie Geological Survey in April to 
enter the employ of the Carter Oil Company. He Tsffi leave soon 
for a six months’ trip in Venezuda and Colombia. 

Mr. F. W. D]@arbosn of the Ordnance Department has joined the 
staff of the Bureau of Standards and will be engaged in research on the 
chemistry of cellulose. 

Mr. Wilson B. Emery resi^^ from the Geological Survey in April 
to enter the employ of the Ohio Oil Company at Cheyenne, Wyoming. 

The Chic^o Speedway Hospital has been turned over to the Public 
Health Service, and two of the seven subdivisions of the building will 
be devoted to research and to the instruction of public health officers. 
This part of the work of the hospital will be tmder the direction of Dr. 
Joseph Goldberobr, of the Hygienic Laboratory. 

Dr. J. A. Harker» formerly of the National Physical Laboratory, in 
London, visited Washington in March on business connected with the 
organization of scientific and industrial research in England. 

Mrs. Phoebe Apperson Hearst, a patron of the Academy, died at 
her home at Pleasanton, California, on April 13, 1919, in her seventy- 
seventh year. She was the widow of the late Senator George Hearst, 
of California coming with him to Washington in 1886. She took an 
active part in educational affairs during her residence in the dty. She 
was elected a patron of the Academy in 1901. 

Air. O. B. Hoprzns, of the Geological Survey, is on leave of ab- 
sence and is engaged in work for the Imperial Oil Company in Canada. 

Mr. H. E. Howe, formerly manager of the commercial department of 
A. D. Little, Inc., of Cambridge, Massachusetts, will hereafter 
devote his efforts to the interests of the National Research Council and 
particular^* to the work of its Divi^on of Industrial Research. Mr. 
Howe was attached to the Nitrate Division of the Ordnance D^artment, 
U. S. A., during the latter part of the war. 

Mr. M. B. Long, of the gas laboratory of the Bureau of Standards, 
has redgned in order to accept a position in the research laboratory of 
the Western Electric Company, in New York City. 

Mr. J. B. Norton, of the Bureau of Plant Industry, who has been 
appointed Agricultural Explorer in the Office of Foreign Seed and 
Plant Introduction, has left Washington on an expedition to China. 

Mr. B. E- SivE. formaiy of the chemical reagent testing laboratory 
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of the Bureau of Standards, is now with the .American Colortype Com- 
pany of Chicago, Illinois. 

The Treasurj* Department published in April a “Manual for the Oil 
and Gas Industiy tmder the Revenue Act of 1918,“ designed to asdst 
the oil and gas producer to calculate the depletion of his reserves. 
Attention is called to the publication here as it is not issued by one of 
the scientific or tedinologic bureaus and might not reach the scientific 
public through the usual channels. 

The Division of Biolog}' and Agriculture of the National Research 
Council met in Washingtra, April 14. Fourteen members were nomi- 
nated by 10 national societies of biology and agriculture, 3 each from the 
Botani<kl Society of America and the Society of American Zoologists, 
and one each from the other societies. Th^ members nominate 8 
members at lar^. The Washington members are: G. N. Coeums, 
American Genetic Association; A. S. Hitchcoce, Botanical Sode^' of 
America; George R- Lyhax, American Phytopathological Society; 
Cbarles V. Piper, American Sodety of Agronomy; A. G. !Mavbr, 
Carnegie Institution; C. F. iLvRsvT,* Bureau of Soils; H. F. Moore, 
Bureau of Fisheries, members-at-large. 
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PALEONTOLOGY. — Signi^cancc cf divergence of the first aicit 

in the {Primitive mammalian foot. James Wieeiams Gidley, 

U. S. National ^luseum. 

In connection with some recent research work on Basal Eocene 
mammals I have had occasion to make a critical study of the 
primitive mammalian foot, especially as regards the meaning 
of divergence of the first digit. On the interpretation of this 
character depends in no small degree our concept of the early 
life history of the Mammalia. 

Based on certain modifications obser\’ed especially in the 
hind feet of marsupials, including divergence and opposability 
of the hallux associated with a tendency to enlargement of the 
fourth digit and reduction and syndactylism of the second 
and third digits, Huxley in 1880^ expressed the view that 
the existing marsupials have been derived from an 
arboreal ancestry. Later DoHo,- in full accord with this 
view, discussed the e\idence for it at considerable length. Soon 
followed a review by Bensley^ in which he expressed general 
agreement with the interpretation of Huxley and Dollo. 
In 1904 Matthew published an article on “The Arboreal 
Ancestry of the Mammalia,”^ in which he accepted the 
views of Huxley, Dollo, and Bensley regarding the arboreal 
ancestry of the marsupials, and expressed his belief that the 

1 Proc. Zool. Soc. Eond., p. 655. 

* Les QHcttreses ySarsupiantx eiaienl-^Us arboricoles? Aliscellante biologiques, 
1899, 

» Amer. Xat. 35: 117-122, 1901. 

^Amer-Xat. 38: 813-815. 1904. 
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placentals are likewise of arboreal origin. This latter belief was 
apparently based, principally at least, on the fact that the first 
digit, in both the fore and hind feet of the early Eocene mammals 
of generalized type is so frequently found in a divergent posi- 
tion, and on the condition found in the earliest known Primates 
But unlike Huxley and Dolio, who considered arboreal adaptation 
in the marsupials a specialization and not a primitive condition, 
IMatthew advanced the hypothesis that opposability of the first 
digit in the early mammals was a primitive condition. XlTiile I 
do in the main indorse Matthew's characterization of a hypo- 
thetical “common ancestral group," I am unable to agree wth 
him regarding arboreal ancestry as applied to placentals in gen- 
eral. and therefore differ from him in the interpretation of the 
conditions found in the primitive mammalian foot. In order 
more clearly to set forth my own \'iew I here quote the prin- 
cipal arguments advanced by ^Matthew in support of his inter- 
pretation : 

^ i) In the first place, as far as we can trace back the history of each 
of the arboreal groups, we find their first ancestors with the first digit 
as fuHy opposable as in the modem representatives g,, the Middle 
Eocene primate Xorikarctus), 

i 2) S^ond, in those groups which have not an opposable thumb, we 
find as we trace back their ancestry that the trapezium, whose form and 
facets give the surest indication on this point, approaches more and 
more nearly to the type preser\’ed in the Primates, etc. 

' In the four Basal Eocene mammals ( Pantolambda, Euproto- 
gonia, Claenodon, and Dissaeus) in which this part of the skeleton is 
known, the form of the bone [trapezium ^ is surprisingly uniform, and 
when the manus is put together, the first digit is thrown partlj'- out- 
ward from the rest of the hand, and permits of much freer motion than 
the remaixiing digits, with a considerable degree of opposition. 

Following this, in the same article. ^Matthew states that the 
primitive opposability of the hallux is less clearly indicated but 
suggests this is due to the probability* that the evolution of the 
hind foot for terrestrial locomotion “began earlier or proceeded 
more rapidly." He further suggested that “the hypothesis 
that all mammals passed through a stage when the pollex and 
hallux were opposable," would explain among other things, 
“ a the presence of but two phalanges on digit i, three on each 
of the others ; ^ the epiphysis of digit i being proximal as in the 
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phalanges, instead of distal as in the remaining metapodials; 
ic the anomalous musculature of digit i on all mammals, the 
object of which is clearly seen when the digit is opposable, but 
is quite unexplaiaed otherwise.” In fiulher substantiation of 
the arboreal ancestiy* hypotheses, Matthew's first proposition 
above quoted has, I believe, little weight as eAudence. First, 
because XoiltatcUis can hardly be considered primitive, since 
the known species, even in the Bridger epoch, had advanced in 
foot, limb, and skull structure well toward the conditibn found 
in the present-day South American apes; second, admitting Xoik- 
urcius to be primitive, the presence of true opposability in this 
genus can affect the proposition under discussion only so far 
as the Primates themselves are concerned, and cannot be taken 
as evidence of arboreal ancestry for other orders of mammals, 
especially as there is no indication of close relationship between 
any of them and the Primates.* At most the evidence in the case 
of Xotharcins can not be interpreted to mean more than that the 
group which it represents (the Primates) had adapted themselves 
to an arboreal habitat at a comparatively early period. But 
opposability probably followed or accompanied and did not 
precede their adaptation to tree-living habits. If this be true 
it explains why there are so many cases in which opposability 
has not been developed even in strictly arboreal forms, and like- 
wise why these cases seem to be confined to species of compara- 
tivety small size. For example, many species of rodents and 
insectivores are living to-day almost exclusively in the trees, yet, 
so far as I am aware, there is not one example of true opposability 
among the Insectivora, and but one among all the Rodentia, 
living or extinct. This single exception is fumidied by the 
African genus, Lophiotnys, in which the first digit of the hind 
foot is thus developed, and this animal is not arboreal. Among 
the Insectivora some of the Tupaiidae are mostly arboreal in 
habit, more so than in any other members of the order, yet even 
in this family there is not the slightest trace of opposability. 

^ It may be here remarked that, in my opinion, there is some evidence that this 
important order, and probably some other orders of mammals as well, have been 
derived independently from different though probably more or less closely related 
premammalian ancestral groups. 
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Among the Primates themselves there is a whole group of living 
species, the South American marmosets, that, in the fore feet at 
least, show no evidence of opposability, although they are strictly 
arboreal in habits. These smaller, lighter-bodied animals 
seem never to have acquired the function of grasping a limb, but 
dq)end rather on their sharp, widely spread claws for support in 
progressing among the tree tops. 

Matthew’s second and third propositions, above quoted, do 
not strictly concern opposability but refer rather to simple di- 
vergence of the first digit. And the crux of the whole proposi- 
tion seems to lie, after all, in the interpretation of this condi- 
tion. 

“Primitive opposability” and “more or less opposable” are 
terms which the advocates of arboreal ancestry have frequently 
used, but have never clearly defined. These terms seem to ex- 
press a condition somewhat different from the kind of opposa- 
bility developed in the modem Primates, and as used by Matthew, 
as I interpret it, seem to imply that ample divergence of the 
first digit may be taken as proof of opposability or at least former 
opposability. It becomes necessary then, to distinguish dearly 
between “opposability” and “divergence” of the first digit, as 
for an intdligent discussion, one diould understand clearly what 
is meant by “opposability.” As applied to arboreal adaptation 
opposability can imply but one condition, viz., a modification 
which gives the power to grasp or hold, by opposing the fiirst 
digit to the others, and this is always accompanied by a spedal 
and distinctive arrangement and development of the digital 
musdes. Opposability, it is tme, is usually accompanied by a 
complete divergence of the opposing digit,® but divergence, in 
all stages, is frequently observed where there is no other evi- 
dence of cpposability. Moreover, examples of divergence 
without opposability are found most frequently in the older 
Eocene representatives of almost all the orders of matniriftla 
in which the feet are known, while true opposability has not 

* An ezoeptiaa to tins is seen in some of the phalanges in whidb. the first meta- 
carpal is closely appressed to the seoond> but the toe is opposable and divergent 
in its phalangeal portion. 
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been found in any forms of older age than the middle Eocene; 
and here it is known only in species of a single order. These facts, 
together with the absence of opposability in tree-living rodents and 
insectivores, as already pointed out, would in themselves suggest 
that this condition of opposability is relativdy modem in develop- 
ment, or at least not primitive; and in further support of this 
view it may be noted that in those orders in whidi oppc^bility 
has been developed and retained, it is alwa}^ most advanced in 
those spedes which are in other respects notably specialized. 
Thus, in the Primates, opposability, especially in the hind feet, 
is found best developed in the heavier, long-limbed monkeys and 
apes. It has reached its greatest perfection in the hand of man, 
although doubtless the higher stages of perfection of this function 
were accomplished after man, formerly arboreal, had finally taken 
to a terrestrial habitat. Contrary to what one might expect, 
if opposability were a primitive condition, in the little marmo- 
sets of South America,* which among living Primates are con- 
sidered a rather primitive and generalized group, there is, as 
already stated, not the slightest approach to opposability of the 
pollex, which is long and functional and it is only moderately 
developed in the hallux. Yet these little animals are as strictly 
arboreal in habits as any group of the order. If opposability of 
the first digit is a primitive condition, then why is it so poorly 
developed in this particular group while so well developed and 
perfected in the more highly specialized members of the order? 
Granting that all Primates began their carear in an arboreal 
habitat, it seems to me a more logical conclusion that the little 
light-bodied marmosets have never developed opposability, 
finding the primitive sharp daws suffidently effective for ding- 
ing to the bark of trees, while the heavier-bodied forms, or those 
species which early formed the habit of swin^g from limb to 
limb as a method of progression through the trees, very quickly 
took advantage of the primitively divergent first digit to develop 
opposability. This function once developed to a degree where 
the grasp became firm, the claws would no longer act as formerly, 
and the constant pressure thus transferred to the palmar dde of 
the toe, or finger tips, would socm modify them into the “nail," so 
characteristic of the Primates. 
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If by the term “primitive opposabiKty” is meant simple di- 
vergence of the first digit, it seems to me purely assumption, 
based on no convincing evidence, to interpret this condition as 
Hpriftting an arboreal habitat. This interpretation, moreover, 
seems not warranted without the most positive proof, especially 
when such a foot as that of Claeitodon, for example, or any 
other primitive mamnialtaTi foot of the basal Eocene types shows 
no evidence of true opposability and, moreover, could be derived, 
with such comparatively slight changes, directly from the primi- 
tive reptilian type of foot. In fact it is but a short step in me- 
chanical adaptation from the reptilian state to the type of foot 
of which Claenodon is a somewhat advanced example. On exam- 
ining a foot of Sphenodm or other reptile of generalized t5rpe, 
the distinctly reptilian characteristics seem to be these; Foot 
completely plantigrade; metapodials all more or less divergent, 
permitting free spreading of the digits; metapodials shorter than 
phalangeal portion of the digit; fiist digit shortest; fourth digit 
longest of the series; phalangeal formula digits I to V, 2, 3, 4, 5, 
and 3 or 4, respectivdy. Comparing now the type of foot under 
discussion. The following seem to be the principal modifications 
which mark its advance over the reptilian t3rpe: The foot has 
remained plantigrade with the metapodials shorter than the 
phalangeal portion of the digit and with digit IV, though rel- 
atively shortened, still longest of the series; digits II to V are 
drawn somewhat more dosdy together, but are still capable of 
considerable spreading; the first digit, retaining more or less its 
original reptilian position, is left more divergent than the others; 
and the phalanges of the median two digits are reduced to the 
mammalian ntunber, three in each digit. 

These simple modifications seem to be purely mechanical 
adaptations brought about in changing from the reptilian crawl- 
ing manner of locomotion, to the mammalian walking gait, 
and each modification may be readily explained on this h3^othe- 
sis. In the normal position a reptile or batrachian carries the 
feet well out from the body, with the toes directed more or less 
outward in such a manner ihat the short first digit is directed first 
inward then forward toward the end of the stride, the hed re- 
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mauling on the ground, so that normally the weight of the body 
is not brought fully on the ends of any of the metapodials. In 
terrestrial mammals, even of the most primitive plantigrade 
t3T)e, the feet are brought more under the body in walking, the 
radius and tibia, respectively, are brought to the inside, the first 
digit pointing constantly inward and the others more or less 
directly forward. The result of this modification would be to 
bring the weight of the body more exactly on the ends of the 
median toes, especially at the finish of the stride at which time 
the heel is raised clear of the groxmd. This would have a tendency 
to stiffen the wrist and ankle joints, through a closer articulation 
of their bony elements, to bring the divergent metapodials more 
closely together, and to shorten the median pair of toes. This 
change in position of the feet and consequent change of the 
manner in which the toes are applied to the ground in walking 
may have been the primary cause of the reduction in phalanges 
of digits III and IV, and would quite satisfactorily account for 
the divergence of the first digit so frequently found in the prim- 
itive mammalian foot. It will be especially noted that the 
first digit is shortest, and in the mammalian position of the foot 
is so placed as to take no considerable part in the function of 
walking, hence it has been least modified and soonest lost in 
terrestrial forms which acquired a digitigrade gait. 

It is plainly obvious that, from a central type of primitive 
mammalian foot similar to that just described, in which the 
first digit is unreduced, it is but a short step to true opposability. 
The divergent first digit could readily be converted into a grasp- 
ing organ, and the modification to opposability doubtless was 
soon accomplished by those forms which early adopted an ar- 
boreal habitat. But among ground-living forms, in the other 
direction, it was an equally short step to the strictly terrestrial 
digitigrade t3rpe, in which the first digit was gradually atrophied, 
as it became functionless through being raised from the ground, 
and in many species has been lost altogether. In the process of 
development of the digitigrade type the functional metapodials 
are brought closely together and have become relatively length- 
ened while the phalangeal portion of these digits becomes short- 
ened. It is through these stages of development that have 
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come directly the modem ungulate types of feet. Still another 
type developed from the primitive terrestrial mammalian foot, 
or possibly directly from the reptilian stage, is that t3^e of which 
the short-toed amblypod and probosiddian feet are examples. 
In these forms the toes remain more or less spreading, and all, 
including the first when present, function in bearing the weight 
of the body. In this type of foot the hed may become raised 
from the groimd as in the digitigrade type, but this modification 
is always accompanied by the devdopment of a pad so that this 
portion of the foot still functions in carrying its share of the body- 
wdght as in the plantigrade type. It may be further assumed 
that the various aquatic types of feet are directly derivable from 
some such foot as that of Claenodon. 

It would thus seem that the primitive mammalian foot, of the 
central group, must have been primarily terrestrial, and from this 
generalized tj^ of foot, with divergent but not primarily op- 
posable first <Kgit, have been devdoped all sorts of modifications of 
foot structure, each adaptable to the kind of environment chosen, 
and that divergence of the fiirst digit is primarily an inheritance 
from the primitive reptilian condition^ and can not be considered 
as in any way supporting the hypothesis of an arboreal ancestry 
of the Mammalia. It is likewise quite as apparent, it seems to 
me, that true opposabSity of the first digit wherever found 
diould be considered a direct ^dalization of the primitive 
condition brought about by a mechanical adaptation to a pe- 
culiar (arboreal) life habit. 

This viewpdnt is certainly not weakened and seems to be 
strengthened by the difference in type of modification observed 
in the hind foot of marsupials as compared with that of the 
Primates. In the former, as observed by Huxley, opposability 
of the first digit is accompanied with enlargement of the fourth 
digit, and reduction and syndactylism of the second and third 
digits, while in the latter there is no approach to either of these 
modifications. This difference seems to be fimdamental, and 
suggests that the marsupials took to tree-living habits at a some- 
what earlier stage of devdopment while the fourth digit was 
yet considerably longer than the others, and for that reason 
more directly opposed by the first digit. 
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INTERFEROMETRY. — The use of the interferometer in the 
measurement of small dilatations or differential dilatations. 
C. G. Peters, Bureau of Standards. (Communicated by 
S. W. Stratton.) 

The dilatometer originated by Fizeau and further developed 
by other investigators consists of two interferometer plates 
separated by three pins of slightly different length, made in the 
form of a tripod or ring. When this interferometer is illuminated 
and viewed in the proper manner, curved interference fringes 
appear. The change in the length of the pins is determined 
from the displacement of these fringes past a reference mark, 
which is usually ruled in the center of the lower surface of the 
upper mirror. The quantity that is actually determined, how- 
ever, is the change in the distance between the two plates at the 
reference mark, which is equal to the change in length of the 
pins, if their behavior is identical, or nearly equal to thdr mean, 
but not their individual change in length when they behave 
differently. In fact, two of the pins may expand while one 
contracts, or the three pins may change in such a manner as 
to cause the fringes to rotate through 360® without causing any 
displacement of the fringes past the reference mark. The 
unequal variations in the length of the pins cause the direction 
and angle of the wedge between the plates to change, which in 
turn changes the direction and width of the fringes. This 
was slightly noticeable in our work with three pins of steel, 
quartz, brass, or copper, and quite pronounced with glass near 
600° C. H. G. Dorsey^ observed this fact in his work on the 
thermal expansion of zinc. 

The exact change in length of eadi individual pin can be de- 
termined from the change in the order of interference (the num- 
ber of light waves) between the plates at the points of contact 
of the pins. This was accomplished without changing the 
Fizeau apparatus in any way except to make the reference marks 
at these points of contact. The pins were made in the form of 
cones, about 4 trim- across the base and 10 mm. long. Three 
t Rev. 26: 5. 1908. 
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conical holes, 0.5 mm. in diameter, 0.2 mm. deep, and about 
15 nun. apart, were drilled in the lower surface of the cover plate. 
The pins were placed between the interferometer plates so that 
the points of the cones fitted into the holes in the cover plate. 
These holes kept the pins in their triangular positions, stopped 
any creep of the cover plate and served as reference marks in 
the determination of the change in length of the pins. The 
fringes were \fiewed with a Pulfrich® apparatus. With this 
instrument the part of the interference pattern which is obscured 
by the pins can be easily bridged with the crosswires. 

Let the lengths of the three pins be designated as A, B, 
the wave length of the light as \ and the order of interference 
between the plates at each reference mark as ai, fci, Ci, under 
one condition, and a2, 62, C2i under a second condition. The 
absolute changes in the lengths of the pins are then : 


AA ~ ^ (02 “ ai) 

(i) 

11 

1 

( 2 ) 

AC == 1 (c, - c) 

( 3 ) 


The changes in order (02 “ Ui), etc., can be obtained, from 
the displacement of the fringes past the reference marks or from 
the determination of the whole orders ai, 02, 5 i, etc., by using 
the approximate length of the pins and the measured fractional 
orders due to several wave lengths, by the method described by 
Meggers,® which holds as well for straight fringes as for Haid- 
inger's lings. 

The relative or differential changes in the length of the pins 
can be determined from the differences in order at the reference 
marks. The quantity (ai — 61) is the difference in the orders 
between the plates at A and B under the first condition, and 
(02 ““ 62) is the difference in the orders at A and B imder the 
second condition. These quantities are determined from the 
whole number of fringes and the measured fractions, between 

‘ Zeitschr fOr Inst. x8: 261. 1898. 

3 Bull. Bur. Stand. X2:203. 1915—16. 
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the reference marks at A and B. The change in these differences 
of order is then 

(02 - W “ {ai - hi) 

and the relative change in the length of A and B is 

AA -AB = ^ [(a2 - 62) - (ai - 61)] (4) 

Similarly, the relative change in the length of A and C is 

AA - AC = ^ [(02 - Ci) - (oi — Cl)]. (5) 

If AA is known or has been obtained from the determination of 
(02 ~ ai), equation (i), the value of B and C can be com- 
puted from these relations. 

The arrangement of the apparatus just described was used 
at the Bureau of Standards to measure the differences in the 
thermal expansion of steel samples, and to determine the thermal 
expansions of steel, copper and brass simultaneously in the tem- 
perature interval of o® to loo® C. It is now being used in the 
investigation of dental materials to determine the thermal ex- 
pansion and the change in length while setting. The results 
of these investigations will be published in the Bulletin of the 
Bureau of Standards. This form of the apparatus is very easily 
made and adjusted. The pins can be cut out in a few minutes 
and their size measured with sufficient accuracy with a microm- 
eter. They can be of almost any shape as long as the base is 
plane and the top is brought to a conical point. The reference 
marks can be drilled in the cover plate in a very short time and 
it is not at all necessary to know the distances between them. 
The fact that only a small area of the plates close to the refer- 
ence marks and not a portion of the plates removed from the 
samples is used in making the measurements of the absolute 
change in length of the pins, eliminates the necessity of having 
the plates perfectly flat. They may be slightly concave or con- 
vex. The same thing holds for the relative determinations. 
The interference fringes denote the difference in separation 
of the plates at the reference marks, even though the intervening 
surfaces deviate slightly from true planes. 
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By using the Fizeau apparatus in the manner described in 
this paper the absolute change of length of one, two, or three 
small pins can be determined during one experiment. The 
exact change in each pin is determined and not the mean change 
of the three pins. The unequal change of similar pins is not 
important in most practical tests, but where precision is de- 
sired it is quite anno}Tng. The differential changes in length 
of three pins can also be determined without blowing the abso- 
lute change of any of them. 

As it is rather difficult to watch the displacement of the fringes 
past the three reference marks multaneoudy, it is better to 
determine the absolute change in length of one pin by equation 
(i) and compute the values for the other two pins with equa- 
tions (4) and (5). The results in either case are exactly the same 
because they dq>end upon the same measurements of the frac- 
tional orders. The accuracy of these results is limited only by 
the accuracy with which the fractional orders are determined. 



ABSTRACTS 

Authors of sdentific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. 
The abstracts should conform in length and general style to th6se appearing in 
this issue. 

BOTANY , — A botanical trip to Mexico. A. S. Hitchcock. Sd, 

Monthly 8: 129-145, 216-338, pis. 34, maps 6. February, March, 

1919. 

An account is given of a trip made in 1910 for the purpose of study- 
ing and collecting grasses. A map showing the itinerary indicates 
that all the states north of the isthmus of Tehuantepec were visited 
except Sinaloa, Tlaxcala, and the territory of Tepic. There is a dis- 
cussion of the topography (illustrated by a map), the rainfall (with a 
table and map showing the annual rainfall at representative stations, 
a map showing isohyets, a series of maps showing the annual rainfall 
by months), and the temperature. An account is given of the floral 
regions, the range conditions, and the forage crops. 

Bspedal attention is given to the distribution of the grasses in rela- 
tion to the floral regions, of whidi the most important are the eastern 
Coastal Plain, the western Coastal Plain, the Plateau, the slope from 
the Plateau to the Coastal Plain, the high mountains, and the ponds and 
marshes. 

Orizaba was ascended to nearly 18,000 feet, Poi)ocatepetl to snowline 
(about 15,000 feet), and Nevada de Colima to the summit (14,370 feet). 

A. S. H. 


ECONOMICS . — Potaio flour and potato bread. J. A. LeCi^src. The 
Potato Magazine. January and February, 1919. 

This artdde compares the composition of potato and wheat flours 
and of breads made with a combination of 20 per cent of potato flour and 
80 per cent wheat flour. It also shows how many pounds of the various 
food constituents of potato, potato flour, and of wheat flour can be ob- 
tained for one dollar with varying prices for these products. The 
amount of food constituents obtained from one acre of land grown to 
potatoes and to wheat is also given. Bread made with the use of po- 
tato flour as a part substitute is appreciably richer in mineral constit- 
uents than is white bread, but somewhat poorer in fat and protein. 
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With flour at $12.80 per barrel and potatoes at $1.75 per bushel, flour 
is a cheaper food than potatoes, and will furnish conaderably more dry 
matter, protdn, fat, and starch, and heat units for $i .00. On the other 
hand potatoes will furnish four times as much mineral ingredients as 
will the white flour for the same money. On the basis of average 3ddds 
of 100 bushds of potatoes and 14 bushds of wheat per acre, one acre 
of land planted to potatoes will produce more food than in the form of 
wheat to the following extent: 36 lbs. of mineral constituents or a 
gain of 560 per cent; 28 lbs. of protem, a gain of 37 per cent; 437 lbs. 
of stardi, a gain of 87 per cent; 848,000 calories, a gain of 76 per cent. 

J. A. IbC. 

TECHNOLOGY. — T/ie muxostnuiural features of “flaky" steel. Henry 

S. Rawdon. Bull. Amer. Inst. Mining Eng. No. 146, p. 183. 1919. 

One of the most vital problems in the manufacture of sted is the 
occurrence of defects designated as "flakes.” These spots are usually 
revealed, if present in sted, when the tendon spedmen is taken so that 
it represents the mechanical properties of the material in a direction at 
right angles to the direction of forging. Flakes constitute one of the 
most serious problems met with in the manufacture of lai^e caliber 
guns. Their occurrence in chrome nickd steels of the type used for 
air-plane crank-shafts is also a serious problem. To the unaided eye, 
a “flake” appears in the fracture of a freshly broken test specimen as a 
silvery white, very coarsdy crystalline area surrounded by metal having 
the normal appearance. Such areas vary m size from minute spots to 
those I cm. or mote in diameter. Microscopic examination of numerous 
specimens showed that the coarsdy crystalline appearance is a surface 
configuration only. The “flake” has no depth; the metal in such areas 
is refined to the same degree as throughout the body of the piece. 
Withm the mass of the sted, flakes exist as intercrystalline discontin- 
uities. They may be located by means of X-ray examinations and when 
the specimen is broken along the line of such discontinuities a typical 
flake is revealed. The discontinuities in the metal often endose in- 
dudons of a nonmetallic nature in the form of very thin films. This 
is not alwa3r5 the case, however, and while flakes appear to occur most 
readily in “dirty” sted, it is not safe to assume that the presence of 
indudons necesdtates the presence of flakes. H. S. R. 
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BIOLOGICAL SOCIETY OF WASHINGTON 

The 594th regular meeting of the Society was held in the Assembly 
Hall of the Cosmos Club, Saturday, March 22, 1919, called to order at 
8:00 p.m. by Vice-President N. Hoi^ustbr; 33 persons present. 

The r^lar program was as follows; 

J. W. Gidlby: Notice of a large canid from the Cumberland Cave de- 
posits. Mr. Gidley briefly referred to the discovery of these deposits 
in western Maryland through the digging of a railroad cut and to his 
explorations of them. He lien described the remains of a large doglike 
animal found in them by him. He pointed out its relationships to 
modem wolves, coyotes, and to the doglike remains in the asphalt 
deposits of southern California. 

A. C. Baebk: Intermediates in the Aphididae and their relation to 
cdiemate hosts. Rearing experiments have shown the existence of 
adult intermediate forms in all species studied carefully by the writer. 
These forms show modifications in nearly all important stmctural char- 
acters. They occur between the forms on one host and between the 
forms on a primary and a secondary host. Thus they indicate the 
ultimate division of species, such as the latter, into two. In fact, 
almost, this occurred in the ^periments. Host races were devdoped 
with such species as Aphis rumicis. These races differed in structure, 
after 50 generations or more, and individuals of them nearly all died 
when transferred to the host of their ancestors. 

Out American q>edes of Anoecia on Cornus compared with specimens 
from different parts of Europe (from H. SchouTEdbn, Awbbrt 
Tuixgrbn, and others) differs in sensory organs. Our species, as 
reared, never developed the European characters. In most cases 
it became modified in the oppoate direction. Races were developed 
which live the ^ear round on grass roots, laying their winter e^ there. 
These forms differed very distinctly in structure from those including 
Cornus in their host cyde. In some sections of the country these, 
or fiiniilftr races, seem to be settled as definite ^edes with definite 
structure and definite reproductive and host habits. In our dassifica- 
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tions we have no names for these potential species. In some cases 
it is necessary to rear very large numbers to determine the connection 
between forms existing in nature and it would seem ad\dsable to have 
some designation for such groups of individuals. 

The family seems to be in a more or less pliable state and these 
cases which we are able to observe may indicate the method by which 
dijBTerent forms have come into existence and possibly some of the 
methods by which species fixation has taken place. 

Discussion by Dr. L. O. Howard and S. A. RonwER. 

R- H. True: Bernardin de Saint-Pierre as a plant ecologist. The 
author of “Paul and Virginia” wrote a three-volumed book, entitled 
“Studies of Nature,” intended to prove to a world that was lapsing into 
atheism that a beneficent Providence rules the affairs of men and of 
Nature. In this effort he studies the relations of plants to the nia.in . 
factors of their environment. He groups plants into two great classes, 
those enjoying a limited water supply, the mountain plants, and those 
whose supply is not limited, those of the plain, marsh, and riversides. 
Devices for collecting or shedding water are traced in foliage and stem. 
Flowers are dealt with in relation to light and heat, seeds and fruits to 
means of securing distribution. Many practical relations are discussed 
such as forest planting to increase rainfall, and the relation of stock 
gra^g to forest injurjr. He deals with his evidence in a teleological 
spirit, oftentimes proving too much, but writing always with vivacity, 
deam^, and charm. As “natme writing,” his work is worthy of 
attention from this later generation. It should not be neglected by 
plant ecologists and naturalists. 

M, W. Lyon, Jr., Recording Secretary, 

GEOLOGICAL SOCIETY OP WASHINGTON 

The 330th meeting was held at the Cosmos Club, Wednesday evening, 
January 22, 1919, President Ulrich predding, and 60 persons present. 

The meeting was a memorial to Grove Karl Gilbert. After 
introductory remarks by President Ulrich, the following program was 
presented: 

BiograpMcal outline W. C. Mendenhall 

Gilbert in his administrative relations C. D, Walcott 

(read by E. 0. Ulrich) 

Gilbert as the student and expounder of geologic structure 

. P. L. Ransome 

Gilbert the physiographer and explorer H. E. Gregory 

Gilbert the gladologist W. C. Alden 

Gilbert the physidst and mathematidan R. S. Woodward 

Gilbert the topographer. .J. H. Renshawe (read by E. 0. Ulrich) 

Gilbert as a man C. Hart Merriam 

Personal reminiscenoes C. D. White, H. C. Rizer, and J. S. Diller 

The 33ist meeting of the sodety was held at the Cosmos Club on 
W^esday evening, February 12, 1919, President E. O. Ulrich, pre- 
siding, and 74 persons present. 
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INFOR]yL\L COMMUNICATIONS 

T. W, Vaughn: Correlation of Tertiary formations on ike perimeter 
of the Carribean Sea, 

R. S. Bassuer: Quartz frofn Waynesboro formation crystallizing 
with three-faced terminal pyramid and used for correlation, 

REGULAR PROGRAM 

Rauph Arnold : The economic value of paleontology, 

E. W. Shaw: Stratigraphy of the Gulf Coastal Plain as related to 
salt domes. 

This paper being in a way introductory to the following paper on 
the program has to do primarily with those features of the stratigraphy 
that are of principal interest in the study of salt domes. The more sig- 
nificant of these features relate to the age and thickness of the forma- 
tions, and to the rigidity, chemical nature, and specific gravity of the 
materials composing them. 

As is well known the formations are of Mesozoic and Cenozoic age 
and with the exception of the Jurassic most of the main divisions of 
these eras are known to be represented by deposits. Perhaps the 
divisions of the Cenozoic are more fully represented than those of the 
Mesozoic. 

The aggregate thickness of the Cenozoic is commonly between 5000 
and 7000 feet, the Eocene being 2500 to 3000, Oligocene and Miocene 
2000 to 2500, and the Pliocene and Quaternary from 1000 to 3000. The 
upper Cretaceous seems to have the thickness ranging from 1500 to 
2500 and the lower Cretaceous, where present, from a feather ^ge to 
about a thousand feet. Over a large area in coastal Louisiana and 
Texas the aggregate thickness of the various Cretaceous, Tertiary, and 
Quaternary formations probably ranges between 8000 and 12,000 feet 
and may average about 10,000 feet. 

Apparently most of formations thicken somewhat toward the coast 
but the average or aggregate amount of thickening is unknown. To 
the east there is a notable thinning and rise of certain formations at 
least; beds lying at a depth of 2000 feet near Mobile lie at far greater 
depths two htmdred miles to the west and a similar distance from the 
coast. 

The age and nature of the materials underlying the Cretaceous along 
the Gulf Coast can only be conjectiured. Knowledge concerning these 
materials and in particular as to whether or not they include beds or 
masses of salt and intrusions of igneous rock might be of considerable 
assistance in solving the salt dome problem. In central and western 
Texas the Triassic and Permian beds are many hundred feet thick and 
are salt bearing but they dip to the west and without reversal can not 
be present in Louisiana. Neither this nor any other known fact proves 
that there are no Permian or Triassic salt beds imder Louisiana, but on 
the other hand the only reason for suspecting that they are present is 
the conclusion that the salt, gypsum, dolomite, sulphur, and other 
mineral matter in the salt dome came from below and the fact that 
such mineral matter is perhaps more common in the Permian and Tti- 
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assic than in any other group of beds. The copper and other metallic 
minerals, small quantities of which have been reported at one or two 
places, harmonize with the hypothesis. 

The lithologic features of the Cretaceous and Tertiary that are of 
special interest in the salt-dome problem are the generall}’ more clayey 
and apparently also more carbonaceous constitution of the material 
west of the Mssisdppi as compared with that to the east. Apparently 
the salt domes occur where the beds are thicker, softer, and more 
carbonaceous, and the writer suspects that there is some relation be- 
tween these characteristics of the region and the domes. There are, 
of course, a good many more or less thoroughly indurated beds including 
chalk ^d limestone west of the Mississippi, particularly in the older 
formations, but the mass of Mesozoic and Cenozoic materials as a whole 
seems to be of a conspicuously 3rielding nature. 

The great thickness and the low degree of rigidity are apparently 
related to a westward littoral current which, though not strong enough 
to carry sand except along the strand, has for ages carried very fbne- 
^ained and clayey material westward from the mouths of the Missis- 
sippi and other ancestral and present-day rivers discharging from the 
central and eastern portion of the Gulf embayment. The most striking 
general feature of the samples that I collected on the Fish Hawk ex- 
pedition, a few ye^s ago, is the contrast between the dark and clayey 
sea-bottom material west of the Mississippi and the lighter-colored and 
coarser-grained material to the east. 

Since the deposits are mainly unconsolidated and many layers are 
plastic it seems presumable that in the process of intrusion, differences 
in specific gravity between intruding and intended materials will control 
to a more or less notable degree the form of the intrusion. For example 
it seems quite possible, if not probable, that if a rising mass of salt or 
one of molten rock comes to a position where the overlying material 
weighs less per cubic foot than the rising mass, the mass may cease 
rising and may even ‘'mushroom,” whereas if the overburden were 
heavier the intrusion might continue to rise and might even develop 
into an extrusion. The clay and incoherent sand of the gulf coast have 
an average specific gra\dty induding the water in their pores of about 
two fprobably somewhat less than two) and therefore are a little lighter 
than salt and much lighter than igneous rock. Hence the absence of 
igneous rock at the surface cannot be taken as an indication that the 
salt domes have not formed over igneous plugs. 

Another way that differential spedfic gravity may play a part in the 
growth of salt domes is based on the fact that the hydrostatic head 
at any point underground is only about half the weight of overlying 
deposits. Assume a bed of salt with a perfectly smooth top lying at 
a depth of 10,000 feet and upon this salt a bed of sand with interstices 
filled with water which, by way of connecting interstices, forms a 
continuous column up to the surface of ground water. Where the 
grains of sand rest upon it the salt supports a pressure about 8000 
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pounds to the square inch. Where the water rests upon it the pressure 
is only about half as great. Salt being somewhat plastic the difference 
in pressure would no doubt cause the sand grains to sink into the 
salt and the salt to rise between sand grains until friction put an end to 
the adjusting process, which might be in a fraction of an inch. 

Now suppose a rising igneous plug approaches the salt bed and raises 
the temperature until, with whatever aid may be rendered by the 
ever-present water, it melts the salt. The process outUned above 
would then proceed to a much greater extent, the salt rising like so 
much water until the supply near enough the plug to be mdted was 
exhausted. Apparently the process might involve the pushing aside 
of a large body of sand and other materials and the devdopment of a 
considerable mass of salt, accompanied by unusual secondary deposits 
due to the unusually high temperatures. 

G. S. Rogers * Origin of the salt domes of the Gulf Coast. The origin 
of the great plugs of sdt that occur here and there beneath the Coastal 
Plain of Texas and Louisiana is an obscure problem which has been a 
subject of much speculation. The small diameter of these plugs and 
their ^eat depth (at least 5,400 feet in once case) indicate that they are 
not original bedded deposits. Nearly all American writers have adopted 
the view that the salt has been deposited by ascending brines, but the 
plausibility of this theory is injured by the stupendous quantity of 
brine involved, for no likdy condhtion h^ been suggested under which 
the waters would deposit more than a fraction of their dissolved load. 

Although direct evidence of the mode of formation of the salt plugs 
is scanty, there are several indications that positive tectonic forces have 
been involved. The plugs are arranged rather regularly along lines 
that are undoubtedly related to the main structural features of the 
region. Moreover, the plugs have caused a sharp and very local up- 
thrust or doming of the normally flat-lying sediments, the uplift in 
some cases amounting to at leaat 3000 feet. The surface beds may be 
only slightly disturbed, if at all, but down on the flanks of the salt mass 
dips of 60® or more are common and in some cases formations have 
been thrust clear through the beds that normally overlie them. Still 
more direct evidence is afforded by the structure of the salt itself; 
as seen in the mines the salt contains dark streaks which, though com- 
monly standing almost vertical, are in places thrown into intricate 
folds which bear an extraordinary resemblance to the flow structure of 
ancient rocks. The common elongation of the salt crystals in a ver- 
tical direction and the rough horizontal cleavage of the salt also suggest 
vertical movement. 

Laboratory experiments have shown that salt under differential 
pressure behaves as a highly plastic substance; that its plasticity is 
increased by heat; and that if shattered it is easily welded by pressure. 
In view of the field evidence cited, the writer believes that the salt 
plugs are offshoots of deeply buried bedded deposits which have been 
subjected to great pressure or thrust, and have been partially squeezed 
upward in a semiplastic condition along lines of weakness. As the 
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region lies along a heavily loaded sea coast, the nature of the lateral 
thrust is not difficult to understand. The fact that the surface beds 
are undisturbed, except immediately around the salt plugs, is ex- 
plained by the nature of the section — a series of indurated and rigid 
formations overlain by a great thickness of rdatively yielding and 
plastic sediments. Indirect e\’idence of the origin of the plugs is also 
afforded by their identity in structure and composition witii l 3 ie Euro- 
pean salt stodcs, the tectonic origin of which is declared to be unmis- 
takable. 

The 332nd meeting of the Society was held in the Cosmc^ Club 
Wedne^ay evening, March 12, 1919, President Ulrich presiding and 
46 p^sons present. 

INFORMAL COMMUNICATIONS 

G. W. Stose: Travertine front Rock Creek Park, Distnct of Columbia. 
Travertine occurring in a granite country would seem to be unusual, 
but travertine has recently been found on the granite and schist in 
Rock Creek Park, near Blagden Mill road. This deposit of aragonite 
travertine occurs at the mouth of an apparently large spring which 
empties into Rock Creek. On investigation the spring proved to be 
an overflow from a nearby city reservoir. It seems therefore that the 
travertine deposit came from lime dissolved out of the cement in the 
masonry of this reservoir and its conduit. 

In discussing Mir. Stose’s paper, R. S. BassleR, of the National 
Museum, called attention to the deposit of calcareous stalactites in a 
culvert under the aqueduct along Potomac River in the District of 
Columbia. These stalactites are derived from lime used in the masonry 
of the aqueduct, and a new crop is found on each annual visit of a class 
in geology. 

R. B. Sosbian: TJie temperature inversions in the fumaroles of the 
Valley of Ten Thousand Smokes, Alaska Peninsula. The peculiar 
inveraon of temperatures in the fumaroles of the Valley, which was 
discovered in 1918 and reported by Prof. R. F. Griggs in his lecture 
before the Wadiington Academy of Sciences on February 18, 1919, 
and which seemed at first the most puzzling feature of the fumaroles, 
may find e^lanation in the ‘Velocity cooling” which is known to 
occur in a jet of gas issuing from an orifice. It has been observed 
experimentflJly by Joule and Thomson^ and by Bradley and Hale® in 
high-pressure air jets, and is discussed by S. A. Moss* in connection with 
experiments on steam flowing from orifices. The cooling effect is due 
to the conversion of heat energy into translational luetic energy, 
which is subsequently converted back into heat when the high-vdocity 
jet of steam is checied. We have here the possibility that the ap- 
parent temp^ature of a jet, as measured by a thermometer, will show 
variations with the diape and size of the thermometer, 

^ JoxLE and Thomson. Phil. Mag, (4) 4: 491. 1852. 

® Bradlby, W. P., and Hale, C. F. Phys. Rev. 29: 266. 1909. 

* Moss, S. A Trans. Amer. Soc. Mech. Eng. 38: 766. 1916. 
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The temperature differences found by measurements at different 
levels in the fumaroles of the Valley are, however, on a larger scale 
than any that are ordinarily observable experimentally, and it is stiff 
possible that some other factor may be active in addition to the ve- 
locity cooling, 

T. W. Vaughn: Note on Eocene corals from Peril and on other fossils 
from Haiti and Trinidad. 

REGULAR PROGRAM 

T. E. Matxhes: Reli^ shading of topographic maps. The most 
difficult thing which cartographers and topographers have to deal with 
is representing the vertical element in the delineation of land features. 
This delineation can be done in several ways as by hachuring, con- 
touring, and by shading. Hachuring has been developed to an art in 
Europe. It requires a draftsman with a steady nerve and hand, and 
the reproduction of his work by expert engravers. The art had reached 
fine execution by 1815, yet in Europe, long ago, hachuring was replaced 
by shading. The same effect is obtained with perhaps one-twentieth 
the cost. Shading represents land forms perhaps more adequately 
than hachuring and can be used to better advantage and more generally 
than hachuring. 

For the last three decades in the United States we have devoted our 
energy almost exclusively to contouring. No country has done better, 
but we have used contours where their use was at a disadvantage. 
Delineation of land forms has been attempted also by hypometric tints 
but these must be based primarily on contoiu: work. It is a good 
practice for hachuring and shading to be done as if a relief model were 
hung vertically on a wall and illuminated above and to the left. In 
experimental work done by J. H. Renshawe, of the U, S. Geological 
Survey, this lighting dement has been employed but Mr. Renshawe has 
devdoped one method different from that of European topographers, 
in that dark shading is used to express the lowest altitude of river 
areas, whereas in European maps lowlands are lighter and high plateaus 
are dark. On shaded maps made recently by the U. S. Geological 
Survey, high plateaus are given a light shading and flat areas dose to 
sea levd are given a deep shading. This obviates confusion found on 
European maps in which both the mountain tops and the valley bot- 
toms are given the same high light. 

O. E. Meinzer: Quantitative methods for estimating ground-water 
supplies. This paper rdates only to ground water, or phreatic water — 
that is, water in the zone of saturation. It is not concerned with the 
subsurface water that occurs above the water table. It rdates not 
to the quantities of water stored in the earth but to the rate of replen- 
ishment of the grotmd-water supply, on which conservation devdop- 
ments must be based. 

Four prindpal groups of methods are used to determine the annual 
recharge or the ‘*safe yidd” of grotmd water: the Intake, Discharge, 
Water-table, and Underflow methods. The first of these consists in 
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measuring the quantity of surface water that seeps into the earth and 
percolates into the zone of saturation; the second in measuring Ae 
ground water that is disdharged through springs, or by evaporation 
from soil and plants; the third in observing the fluctuations in the water 
table, which represents filling or emptying of the ground-water reser- 
voir; the fourth, like the gaging of surface streams, in measuring the 
flow of ground water at selected cross-sections. 

Discharge methods comprise two very different kinds of methods: 
(i) the (fifferentiation of ground-water run-off from direct run-off 
through study of hydrographs, etc., and (2) the mapping of areas that 
discharge ground water by evaporation and transpiration, and experi- 
ments to determine rates of discharge under specific conditions of soil, 
vegetation and depth to water table. In arid regions plants of certain 
species habitually utilize water from the zone of saturation. For such 
plants the name phreatophyte, meaning a “weU plant,” has been pro- 
posed. 

The water-table methods are best adapted to regions, such as Cal- 
ifornia, which have well-defined rainy and dry seasons. The average 
annual increment to the ground-water supply can be computed by 
multipl3dng the average rise of the water table in the rainy season by 
the percentage of av^able pore space, and multiplying this product 
by the area of the water table of the given aquifer. The most uncer- 
tain factor is the percentage of available pore space, or specific yields 
which is not the same as the porority of the roii:, because when the 
water table descends some of the water is held against the pull of gravity 
by the molecular attraction of the rock. Tests of specific yield have 
been made (i) by laboratory experiments; (2) by examination of sam- 
ples of material which is above the water table but which in the high- 
water stage was in the zone of saturation; and (3) by making heavy 
pumping tests and ascertaining the total pumpage and the total volume 
of sediments drained thereby. 

The two lines along which additional research are most needed 
relate to the habits of phreatophytes and their rates of transpiration 
and to the specific yields of different kinds of sediments, A very for- 
tunate feature of the quantitative work is that the three principal 
methods — intake, discharge, and water-table — are entirely independent 
of each other and can be used as checks upon one another. 

The 333rd meeting of the Society was held at the Cosmos Club on 
Wednesday evening, March 26, 1919, President Ulrich presiding, and 
48 persons present. 

INFORMAL COMMUNICATIONS 

F. U. Hess: Phenocrysts in granitic intrusions. Deposits of rare 
metals are commonly connected with granites and are usually in the 
outer parts of granitic intrusions, and it thus happens that many of the 
deposits are accompanied b)’^ extraordinary forms of the granite. Close 
to the cobalt deposits on Blackbird Cre^ in Lemhi County, Idaho, 
a remarkable porphyritic granite is found on Big and Napias Creeks, The 
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phenocrysts are speroidal or elliptical and as much as three inches long 
by two inches in diameter. They weather out and look like rounded 
pebbles. The main intrusion is exposed for about three miles along 
the creek but it is not known at what angle the creek cuts the dike. 
Smaller dikes are from fifty to several hundred feet broad and all are 
crushed to gneisses along tiieir sides. 

D. E. Winchester: Contorted bituminous shale of Green River 
formation in Northwestern Colorado, In the upper part of the oil shale 
series of northwestern Colorado there is a zone of rich black bituminous 
shale which is everywhere contorted showing on its weathered surface 
minute folding and faulting. This shale which has been observed 
over a wide area is overlain and underlain by beds of laminated and 
uncontorted shale and sandstone. The bituminous shale itself con- 
tains a large amount of microscopic vegetable material, including algae, 
etc., and this may furnish a due as to the reason for its contorted con- 
dition. The region is one in which there is practically no faulting, and 
beds dipping as much as 15° are the exception rather than the rule. 
It is conduded that the twisting of the laminae occurred before the 
bituminous shale was completdy solidified and that the beds containing 
the great amount of vegetable matter were least competent and may 
therrfore have taken up any movements which may have occurred in 
the region. Spedmens of thinly laminated shale rich in organic matter 
but occurring at a horizon 300-500 feet bdow the black contorted beds, 
show intricate folding and minute faulting. 

Discussion; E. O. Ulrich : The same contorted condition of thin beds 
can be seen in mud laid down on tidal flats and then slumped by tidal 
undercutting. It is shown also in West Canada Creds: at Trenton 
Falls, New York, where the limestone, once a limy mud, has these fea- 
tures. C. D. White: Green River beds essentially horizontal are a 
good place to see thin contorted strata. The contorted beds are buried 
beneath shale and sandstone. It would seem that the organic beds 
between sandstones must have been slimy mud a long time ^ter burial 
and even if somewhat hardened must have been the easiest zone for 
slipping. They doubtless were somewhat solidified when the crumbling 
took place else there would be no faulting. Possibly the shale exhibited 
by Winchester was deeply buried and the contortion is due to movement 
along the oil shales after they were partly solidified. The overlying 
and underlying formations have a somewhat reinforced structure and 
slight jars or lesser earth movements would be taken up by oil shale 
beds which are rich in vegetal matter. Similar structure is found in the 
JKkhom coal on Marrowbone Creek in eastern Kentucky, where the 
upper part of the coal bed moved on the lower part. W. C. Alden: 
This kmd of structure is common in glacial lake beds where we find 
zones a few inches thick highly contorted, while above and below are 
beds clearly and beautifully laminated, whidi show no disturbance. 
It is suggested that the contortion may be due to freezing before the 
superincumbent layers were deposited. G. H. Ashley: In northern 
Indiana the plankton found in the small lakes resembles in structure the 
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shale shown by Winchester. This jelly-like material moves with the 
movement of the water. Storms move the water-weeds and the light 
floating jelly-like stufl may be moved at the same time, and rumpled. 

REGUUya PROGRAM 

Robert B. Sosman: Note on volcanic explosions. The usual con- 
ception of a volcanic explosion is that of the release of a store of pent- 
up energy which has be^ held in a confined space by external pressure. 
The idea takes two forms: (i) The “boiler explosion,” in which the 
pressure has been raised by heat to a value which exceeds the break- 
ing strength of the containing rocks; or, (2) the “geyser eruption,” 
in which a metastable configuration of the materials of the volcano 
has been disturbed and a violent reaction has begun. In either case, 
the conception is that of a system in rapid reaction in an effort to reach 
equilibrium, following some change in external conditions. 

An esyeriment by the speaker, made several years ago, showed that 
finely divided alumina, which is well known to be very hygroscopic, 
could be superheated in an open electric furnace and then be “ex- 
ploded” by a mechanical disturbance. The phenomenon is strikingly 
analogous to the dust explosions of Tassen Peak and Mont Pel^. 

The steam boUer and the ge3rser may be called “explosive systems.” 
Another class of e^losions results from the initiation of chemical re- 
actions in “explosive mixtures,” such as gunpowder, or a mixture of 
sulfur and potas^um chlorate. It seems unlikely that many volcanic 
explosions can be of this character, on account of the difficulty of ac- 
cumtflating the necessarily large quantities of substances capable of 
reacting (such as oxygen and hydrogen), without the dissipation of the 
energy by continuous quiet reaction, as at Kilauea. 

In a third class are the “explosive substances,” of which nitroglycerin 
is the most powerful common representative. These explode by in- 
ternal disintegration and recombination, and can be “detonated” 
by methods other than simple rise of tempemture. Organic dust 
(flour, coal) with oxygen and moisture adsorbed on the surfaces of its 
grains is, to all intents and purposes, a dhemical compound and an 
explosive substance, though of a milder type than the nitro-compounds;- 
and even inorganic dust with adsorbed moisture, such as the alumina 
in the experiment dted, is, analogously, an explosive. It is suggested 
that dust explosions of the Pel6ean type, which are often plainly super- 
ficial and not deep-seated, are true explosions, possibly set off by me- 
chanical disturbances. The same may be true of Vulcanian and Plinian 
explosions, the explosive in these cases being a metastable liquid silicate 
or a i^ture of liquid and solid silicates, brought into its metastable 
condition by a gradual rise of temperature or by the gradual accumula- 
tion of water or inagmatic gases, either through distillation or through 
fractional crys tal 1i zation. The specific character of the shodk necessary 
to detonate an explosive substance; the limited range of propagation 
of the explosive wave in a powdered material, as contrasted with the 
more complete detonation which can be brought about in a continuous 
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liquid or solid explosive; and the fact that the force of a detonated ex- 
plosion is often in the direction of the detonating impulse and inde- 
pendent of ^e configuration of surrounding materials (Pel4e, Lassen); 
are all applicable to the explanation of known phenomena of volcanic 
explosions. 

E. O. UIvRICh: Newly disccroered tnstances oj early Paleozoic 
osctUations. Anyone who will imdertake a comprehensive coicrse of 
critical and detailed comparison of stratigraphic sections must inevitably 
reach the conclusion that the old land surface was exceedingly unstable 
with respect to sea level and subject to oft-repeated differential move- 
ments and warping. 

At times certain parts were pushed up, while other parts lagged, and 
yet others sank, actually or but relativdy, beneath sea level. In other 
words, the vertical movements of the lithosphere were differential, 
and the displacements of the strandline were not erestatic, as taught 
by Suess, but varied in volume and direction from place to place. 

The differential character of the movements of the continental areas 
with respect to sea level is indicated by abrupt local, or even widely 
distributed changes in the character of the sediments; by imperfections 
in the record of marine deposits at one place which are partly and some- 
times, perhaps, wholly supplied in the sedimentary record at another 
place; by the sudden extinction of, say, an Atlantic faima in a given 
area by a Gulf of Mexico or an Arctic fauna; and by other more or less 
competent criteria. 

Most convincing evidence of land tilting, with alternating east and 
west tilts more common than those to the south or north, was brought 
out by detailed comparisons of the sedimentary record on the flanks of 
old uplifts in interior North America. Particularly illuminating are 
the facts showing restriction of formations of considerable thickness 
to one side of such uplifts and similar restriction of other formations to 
the opposite side. Geographic restriction of deporits, hence also of 
the seas in which they were laid down, is indicated over and over again 
on the flanks of the Cincinnati, Nashville, Ozark, Wisconsin, and 
Adirondacks domes. These domelike areas rarely, if ever, formed 
islands. As a rule, when they were not completely submerged, they 
were connected with larger land areas, often probably forming penin- 
sular projections. 

Oscillation of land and sea areas was the rule also in the Paleozoic 
Appalachian Valley. However, the conditions here differed in that the 
seas were largely confined to subparallel structural troughs. These 
troughs were not all submerged at the same time; and only very seldom 
was any one of the five or six troughs submerged throughout its length. 
As a rule tilting, or differential movements, produced canoe-like de- 
pressions which, when they reached depths permitting marine submer- 
gence, formed narrow inland bays. These bays were emptied and agmn 
filled many times, and each submergence differed more or less in its 
geographic expression from those preceding it. 
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The old belief ia broad, deep, and long enduring continental seas— 
seas that began early in the cSiinbrian and continued spreading wider 
and wider until well toward the dose of the Ordovidan— is sfil hdd 
and taught in some of our best tmiverdties. But this inexcusable con- 
servatism is possible only by closing our eyes to the overwhelming ac- 
cumulation of opposing facts. Sooner or later it must be abandoned by 
all. In its place the more progresave geologists conceive of smaller, 
very shallow, and frequently shifting bo<hes of water, of seas, that filled 
a given basin in one age and were withdrawn in the next, that returned 
^[ain and again in familiar patterns, though perchance from different 
quarters, in succeeding geological ages. In short, seas that migrated 
in and out of the structural basins — sometimes extending far across the 
continents and at other times limited to much smaller areas— whenever 
and wherever a formation of the lithosphere demanded corresponding 
readjustment of land and marine areas. These adjustments were al- 
ways marked in the stratigraplnc record by recognizable signs. 

Each year’s field work is disclosing evidence of Paleozoic oscillations 
previou^y unknown; and some of them occur in what had seemed 
altogether unlikely places. The purpose of my paper is to discuss a 
half dozen or so of the more striking instances tlmt have been discovered 
since the publication of the “Revision.” The first of these is found 
in central Pennsyh'ania, the second and third in east Tennessee, the 
fourth in northeastern Alabama, the fifth in Wisconsin, the sixth in the 
Mississippi Valley. In the last two the formations lie practically 
horizontal, in the others they are folded in the usual Appalachian 
manner. ’ R. W. Stone, Secretary. 



SCIENTIFIC NOTES AND NEWS 

The organization meeting of the American Society of Mammalogists 
was held in the New National Museum, Washington, D. C., April 
3 and 4, 1919, with a charter membership of over two hundred and 
fifty, of whom sixty were in attendance at the meeting. The follow- 
ing ofi&cers were elected: C. Hart Mbrriam, President; E. W. 
Nei^on, First Vice-President; Wilfred H. Osgood, Second Vice- 
President; H. H. Lane, Recording Secretary; Harley H. T. Jackson, 
Corresponding Secretary; Walter P. Taylor, Treasurer. The Coun- 
cilors are: Glover M. Allen, R. M. Anderson, J. Grinnell, M. W. 
Lyon, W. D. Matthew, John C. Merriam, Gerrit S. Miller, Jr., 
T. S. Palmer, JEdward A. Preble, Wither Stone, and N. Hollister, 
Editor. 

Committees were appointed on: Life histories of mammals, C. C. 
Adams, Chairman; Study of game mammals, Charles Sheldon, Chair- 
man; Anatomy and phytogeny, W. K. Gregory, Chairman; and Bibli- 
ography, T. S. Palmer, Chairman. 

The policy of the society will be to devote its attention to the study 
of mammals in a broad way, including life histories, habits, relations 
to plants and animals, evolution, paleontology, anatomy, and other 
phases. 

Publication of the Journal of Mammalogy, in which popular as well 
as technical matter be presented, will start this year. 

At the meeting of the National Ac^emy of Sciences held in Wash- 
ington on April 28-30, 1919, the following fifteen persons were elected 
to membership: Prof. Joseph Barrell, geologist, Yale University; 
Dr. Gary Nathan Calkins, zoologist, Columbia University; Dr. 
Heber DousT Curtis, astronomer. Lick Observatory; Mr. Ganq 
Dunn, electrical engineer, New York City; Dr. Lawrence Joseph 
Henderson, biologist, Harvard University; Dr. Reid Hunt, pharma- 
cologist, Harvard University; Prof. Treat Baldwin Johnson, chemist, 
Yale University; Prof. Winthrop John Osterhout, botanist. Harvard 
University; Prof. Frederick Hanley Seares, astronomer, Mt. Wilson 
Observatory, California; Dr. William Albert Setchell, botanist, 
University of California; Maj. Gen. George Owen Squier, electrical 
engineer. Signal Corps, U, S. A.; Prof. Augustus Trowbridge, 
physicist, Pnnceton University; Prof. Oswald Veblen, mathematician, 
Princeton University; Dr. Ernest Julius Wilczynski, tnathematician, 
University of Chicago; Prof, Edwin Bidwell Wilson, physicist, 
Massachusetts Institute of Technology. Dr. C. G. Abbot was elected 
Home Secretary of the Academy. 
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Rear Admiral Joeen E. Peulsbury, U. S. N., Retired, was elected 
President of the National Geographic Society on April i7> as succ^or 
to IVIr. Otto H. Tittmann, who retired from the office on account of 
ill health. Rear Admiral Robert E* Peary, U. S. N., Retired, was 
elected a member of the Board of Managers to fill the vacancy caused 
by the death of the late Brig. Gen. John M. Wieson, U. S. A. 

Dr. C, G. Abbot, of the Astrophynical Observatory, Smithsoman 
Institution, sailed for South America on May i to inspect the Smith- 
sonian solar constant observing station at Calama, Chile, and to ob- 
serve the total solar eclipse at La Paz, Bolivia. He expedis to return 
to Washington in August. 

Prof. J. M. Aldrich has been appointed Associate Curator of the 
Division of Insects in the National Museum. Prof. Aldrich was for- 
merly with the University of Idaho, but more recently has been working 
with the Bureau of Entomology". He is one of the best-known Dip- 
terists in North America and is the author of our most recent catalogue 
of these insects. 

Dr. George Ferdinand Becker, geologist in charge of the division 
of physics and chemistiy, U. S. Geological Survey, and a charter mem- 
ber of the Acadeiviy, died on April 20, 1919, in his seventy-third year. 
Dr. Becker was bom in New York City on January 5, 1847. He bagan 
work as a constmcting engineer, with the JoHet Iron and Steel Company, 
then after a few years became instmctor in mining and metallurgy at 
the University of California. He was appointed geologist in the U. S. 
Geological Survey in 1879, and was thus associated with the develop- 
ment of the Survey almost from its beginning. He approached geologic 
problems from the viewpoint of the mathematical phy^dst and engi- 
neer, and made many contributions to geophysics, as well as to spedal 
fields in both physics and geology. The establishment of the Geophys- 
ical Laboratory of the Carnegie Institution grew out of investigations 
begun by him xmder a grant from that Institution. He was a member 
of the National Academy of Sdences, the Geological Sodety of Wash- 
ington, and other American geological and engineering sodeties, including 
the Geological Sodety of America of which he was president in 1914. 

Dr. F. Russell v. Bichowsky, of the Geophysical Laboratory, has 
been grmted by the National Research Fellowship Board a research 
fdlowship in chemistiy at the University of California. 

E- D. Bromley, of the U. S. Coast and Geodetic Siuvey, has been 
engaged in a triangulation in the northern half of Chesape^e Bay, to 
determine the geographic positions of certain points used in testing 
the long-range artillery at Aberdeen, Maryland. 

Dr. Keivin Burns, of the division of optics. Bureau of Standards, 
resided from the Bureau on May i. He will spend a year on the 
Pacific Coast and will devote his attention to the use of dicyanin in 
astrophysical research. 

Ivir. J. C. Crawtpord, formerly Assodate Curator of the Division of 
Insects of the National Museum, has resigned and accepted a position 
in the Bureau of Entomology. 
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Captain S. T. Dana has resumed his duties with the Forest Service 
as Assistant Chief of Forest Investigations. During the war he was 
on the General Staff as secretary of the Army Commodity Committee 
on Lumber, and in charge of determining wood requirements of the 
Army. 

Col. E. Lester Jones, Superintendent of the U. S. Coast and Geo- 
detic Survey, has been named by the King of Italy an officer of the 
Order of S. S. Maurizo e Lazzaro. 

Dr. Leonard B. Loeb, formerly of the Bureau of Standards, 
has been granted a research fellowship in physics by the National Re- 
search Fellowship Board. 

Major A. O. Leuschner has returned to Washington from a furlough 
in CaMomia and is at present acting chairman of liie Division of Phys- 
ical Sdences of the National Researdi Council. 

Dr. Samuee C. Prescott, of the Massachusetts Institute of Tech- 
nology, formerly major in the Sanitaty Corps, U. S. A., has been ap- 
pointed expert in charge of dehydration investigations in the Bureau 
of Chemistry, Department of Agriculture, and wiU continue the investi- 
gations on this subject carried on during the war imder the direction of 
the War Department. 

Mr. Homer P. Ritter, for many years an officer of the U. S. Coast 
and Geodetic Survey and a member of the Mississippi River Com- 
mission, died at the Emergency Hospital on April 21, 1919, in his sixty- 
fifth year. He was returning from a meeting of the Misdssippi River 
Commission at Memphis and was taken ill on the train. Mr. Ritter 
was bom in Cleveland, Ohio, March 4, 1855. After receiving his tech- 
nical training at the Columbia School of Mines he was employed for 
several years on railway surveys. He entered the Coast and Geodetic 
Survey in 1885, and had been employed on field work in all parts of the 
United States and in Alaska. He succeeded Henry L. Marindin 
as a member of the Mississippi River Commission in 1904. He was a 
member of the Society of Engineers. 

Mr. R. Sano, founder and director of the meteorological observatory 
of Kanayama, near Sendai, Japan, visited Washington in April. 

Mr. A. H. Smith, of the rubber laboratory, Bureau of Standards, 
will leave the Bureau on July i, to accept a position with the Goodyear 
Rubber Company, at Akron, Ohio. 

Mr. Wm. Schaus has recently been appointed as Assistant Curator 
in the Division of Insects of the National Museum. Mr. Schaus is 
a student of Lepidoptera and in recent years has spent much time in 
tropical America where he made large collections which have been 
given to the National Museum. 

Dr. C. H. T. Townsend sailed, early in April, for Brazil where he 
has accepted a position as entomologist for the Brazilian government. 
Dr. Townsend has been with the Bureau of Entomology and has spent 
most of his time studying the Muscoid Diptera. 
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A Washington Section of the American Society of Mechanical En- 
gineers has been organized, with the following officers: S. W. Strat- 
ton, Bureau of Standards, chairman; Maj. J. H. Ki^inck, \ice-chairman; 
Prof. Geo. a. Weschler, Catholic University, secretary; H. L. Whitte- 
MORE and A, E. Johnson, members of executive committee. The Sec- 
tion held a meeting with the following program: S. W. Stratton, 
Standardization of screw threads; Col. E. C. Peck, Gage work of the 
Ordnance Department for the U. S. Army; H. L. Van ]&uren, Certi- 
fication of gages at the Bureau of Standards; C. G. Peters, The use of 
interference methods in calibrating length standards. 

The Medical Society of the District of Columbia, one of the affiliated 
societies of the Academy, is raising a fund of $100,000 for the erection 
of a permanent home for the Society. A site on M street near Con- 
necticut Avenue has already been purchased. Dr. Edward Y. David- 
son is chairman of the building committee. 

NATIONAL RESEARCH COUNCIL 

One year ago this Journal^ outlined the war reorganization of the 
National Research Council which went into effect on April i, 1918. 
With the coming of peace this plan of organization has been elaborated 
and the Council placed on a continuing basis. The present organiza- 
tion was adopted on February ii, 1919, by the council of the National 
Academy of Sciences, and is, in brief outline, as follows: 

The membership is to consist of: (i) Representatives of national 
scientific and technical societies; (2) representatives of the federal 
government; (3) representatives of other research organizations, and 
other persons whose aid may advance the objects of the Coimdl. The 
membership is organized into thirteen divisions, grouped into two 
classes, as below: 

(а) Divisions dealing with general relations: I, Government Divi- 
sion. II, Foreign Relations. Ill, States Relations. IV, Educational 
Relations. V, Industrial Relations. VI, Research Information Ser- 
vice.^ 

(б) Divisions of science and technology: VII, Physical Sciences. 
VHI, Engineering, IX, Chemistry and Chemical Technology. X, 
Geology and Geography. XI, M^cal Sciences. XII, Biology and 
Agrieffiture. XIII, Anthropology and Psychology. 

Each division in the class of science and technology, and some of the 
divisions in the dass of general rdations, will have a salaried diairmaa, 
who will be stationed in Washington. The affairs of the Council will 
be administered by an executive board, which will include, in addition 
to ex-officio members from the Coundl itsdf, the President and Home 
Secretary of the National Academy and the President of the American 
Assodation for the Advancement of Sdence. The Chairman of the 

1 This JoxjRNAi. 8: 337. 1918. 

• * See this Joxjrnai. 8; 223, 339. 1918. 
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Council will receive a salary of $10,000 per year, and the chairmen of 
di^dsions, as well as the executive secretary of the Council, will receive 
$6000. 

Prof. J. C. Merrlam, of the University of California, is at present 
Acting Chairman of the Council. OjB&cers of some of the di\dsions have 
been selected as follows: Physical Sciences, Maj. C. E. Mendenhali,, 
chairman; Engineering, Dr. H. M. Howe, chairman, Mr. G. H. Clev- 
enger, vice-diairman; Chemistry and Chemical Technology, Lieut. 
Col. W. D. Bancroft, chairman, Prof. Julius Stieglitz, vice-chairman; 
Biology and Agriculture, Prof. C. E. McClung, chairman, Prof. L. R. 
Jones, vice-chairman. 

Further information on the organization of the Council will be pre- 
sented as soon as the organization is completed. 

UNION OF SCIENTIFIC AND TECHNICAL WORKERS 

A mass meeting of scientific and technical employees of the federal 
Government, called by a committee consisting of H. L. Shantz (Agri- 
culture), W. L. Thurber (Interior), L. W. Chaney (Labor), P. G. 
Agnew (Commerce), and F. L. Lewton (Smithsonian), was held at the 
National Museum on Thursday, May 8, 1919. The attendance was 
about 400. R. H. True, of the Department of Agriculture, presided. 
The call for the meeting stated the following reasons for the formation 
of an organization: 

Improvement of conditions and facilities for more effective scientific 
and technical work; adequate presentation of the needs and results of 
such work to the public and to legislative and administrative officers; 
greater freedom in both ofi&dal and non-ofiScial activities, just and rea- 
sonable salaries based on service performed and the economic and social 
conditions which prevail, greater public recognition of the aims and 
purposes of research; advancement of science and technolog}’' as an 
essential element of national life. 

After a statement concerning the British National Union of Scientific 
Workers and similar movements in Great Britain, the following three 
plans were discussed: 

(i) To work only through existing organizations, namely, the xIcad- 
EMY and the National Research Coim<^; (2) to form an independent 
organization of those federal employees doing scientific or technical 
work, (3) to form a scientific and technical brandi of Federal Employees’ 
Union No. (2).^ 

Plan No. (i) received very little support. A large number of speakers 
discussed plans Nos. (2) and (3). It was generally agreed that organi- 
zation was necessary; thot the situation of the scientific and technical 
bureaus is serious, as the better men tend to leave and can not be re- 
placed imder the existing salary scale; and that cooperation with ex- 
isting organizations is not excluded by either Plan (2) or Plan (3). 

^ Federal Employees* Union No. i was organized in San Francisco No. 2 
embraces practically all governmental bureaus in the District of Columbia 
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Some of the arguments and assertions presented were as follows: 

For Plan ( 2 ) and against Plan (3): A general employees’ union does 
not and can not represent the spedal problems of lie scientific group. 
The scientist does not work by hours. The scientist is much more 
easily appealed to by proper conditions and by recognition than by 
financial considerations. The scientist works best under conditions 
similar to those of the imiversity teacher. Independence of action 
would be too greatly limited by affiliation with the Union. Many 
things are done in the name of organized labor which are not approved 
by the great majority of scientists. A political threat through affiliation 
with the American^ Federation of Labor is an undesirable method. 
The government employee owes full allegiance to the government and 
should join no organization which might conceivably interfere with 
that alliance. Affili ation will keep out many who would join an in- 
dependent organization. If found desirable, affiliation with the union 
may be brought about later. 

For Plan (3) and against Plan ('2): An independent organization 
would not be large enough to exert any influence. Affiliation will help 
to bring the needs of the scientific profession before the public. There 
is an unfounded belief in the public mind that the scientific investigator 
is not a producer; independent organization would only tend to con- 
firm such a prejudice- The American Federation of Labor has no con- 
trol over the action of its constituent unions. All organizations take 
actions that are not approved by considerable fractions of their mem- 
bership. The plan does not involve a political threat. Congress, in 
general, dedres information and wishes to act justly toward the federal 
employees and has welcomed the aid of the L‘''nion. The constitution 
of the Union forbids strikes, either direct or sympathetic. Over 550 
scientific and technical workers are already a part of the Union’s 21,000 
members. The Union has in three years secured the following benefits 
to all federal employees: A generd increase of salary; the defeat of 
the Borland amendment to increase the hours; progress on a retirement 
plan; and the Reclassification Commission. The Joint Congressional 
Reclassification Commission, which wishes to d^ with employees 
through organizations and not as individuals, is now at work and im- 
mediate action is necessary; Union funds and machinery are available 
for immediate action. 

The meeting voted 185 to 132 in favor of Plan Xo. (3). R. H. True 
was elected chairman, and P. G. Agnew, of the Bureau of Standards, 
secietaiy, of the temporary organization, consisting of a general in- 
terim committee composed of the chairman and secretary and repre- 
sentatives from the scientific and technical bureaus, one representative 
for each 20 members. 
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PBrSTSICAI, CHEMISTRY . — The statement of acidity and 
alkalinity, with special rejerence to soils. Edgak T. Wwskry, 
Washington, D. C. 

In the course of observations on the add and alkaline reac- 
tions of soils supporting the growth of native plants, which the 
writer has been making at odd times during the past several 
years, considerable attention has been paid to the method of 
presenting the results; and it has been conduded that the usual 
plans can be improved upon, espedally from the point of view 
of their ease of comprdiension on the part of workers in non- 
mathematical sdences. Certain suggestions in this connecticm 
are put forward in the present note. 

Two different methods of stating reactions are in general 
use by chemists, the “concentration” and the “potential” meth- 
ods. In the concentration method the number of gram equiva- 
lents of hydrogen-ion per liter is stated, usually as an integral 
power of 10 with a coeffident; in the potential method, the 
exponent of 10, stated to one decimal place (which is directly 
proportional to the electric potential produc:ed by the hydrogen- 
ion) is used alone. Thus, the addily of a given solution might 
be described as dther 5.0 X io“® gram-equivalents of H'*’ per 
liter, or as Ph = 5-3- It takes, however, csonsiderable effort 
to appredate the relative magnitude of quantities thus stated; 
to tdl off-hand, for instance, whether 5 X io“® is greater or 
less than 6 X 10“®; to realize that a solution with Ph * 2.4 is 
6300 times as add as cme with Ph = 5-6; and to recx>gnize 
whether a given solution is add or alkaline in reac:tion without 
considering t)^e relation of the exponent to 7 (that of a neutral 
solution). 
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The usefuhiess of methods in which computation begins at the 
neutral point in describing reactions has beai urged by Walker 
and Ka.y for natural waters,^ by L. J. Henderson® for biological 
fluids, and by the writer for soils.® The plan adopted by the 
first two authors has been criticized by Qark and Lubs^ as “very 
inadequate,” but that depends on the point of view. The 
methods here proposed, which represent an extension of those 
just referred to, are contrasted with the usual ones in table i ; 
they appear to the writer quite adequate to express the rdations 
involved, and to possess several distinct advantages, as pointed 
out in the discussion of the table. 

The first five columns of table i need no comment, as they 
represent simply a statement of weU-known methods of de- 
scribing reactions; but the remainder require some explanation. 
Under the proposed concentration method, as headings of col- 
umns 6 and 7 the terms specific acidity and specific alkalinity^ 
are used, since the tinit, instead of being i gram-equivalent per 
liter, as in the usual methods, is the number of gram-equivalents 
p^ liter of each ion present in a standard substance, namdy 
pure water at ordinary temperature, which is practically 10-®. 
The actual numbers corre^Kmding to the powers of 10 repre- 
senting the reactions likdy to be met with in soils have been 
inserted in columns 6 and 7. 

Ihe headings of the potential columns are also new; as these 
values may well be called chemical potentials, the letter X, 
representing the Greek letter chi, the initial of chemical, is applied 
to them.® It may be noted here that only the first of these 
columns need be used, if in the definition of chemical potential 
the sign of the ion is included; that is, when a given number is 

^ Joum. Soc. Chem. Ind. 31: X013. 1912 

*Sdence46: 73. 1917. 

^ Joum. Wash. Acad. Sd. 6: 675. 1916. 8:391. 1918. 

* Jotirn. Bacter. 2:14, 1917. 

^ Wjujcor and Kay called them rekoive acidities and alkalinities; the writer in 
previous publications has used the term intensity of acidity and alkalinity, but it is 
better to limit the conception of intendty to potentials. Addiviiy and alkalivUy 
misht be used if desired, 

* For the suggestion of this ssrmbol, as wdl as for much additional assistance in 
the prepaxation of this i>aper, the writer is indebted to Dr. B. Q. Adams of the Bureau 
of Chemistry. 
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Stated, it is tmderstood that it is + when applied to a positive 
ion and — to a negative one. 

In the last column are given descriptive terms for such re- 
actions as are commonly met with in soils. In the study of soils 
associated with various native plants the writer has found that 

TABLE I 

COIIPJ^RISON 01? DiF]?]SRBNT METHODS OV SEATING R]^CTIONS 


Usual methods Proposed methods 
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Specific acidities greater than looo are shown only by bog- 
peat, which supports a characteristic flora of “oxylophytes” 
or add-soil plants; for such reactions the term superacid may be 
used. Some bog-peats, many upland-peats, and other soils also 
supporting oxylophytes, show values of from looo down to lOo; 
for these the term meddacid seems appropriate. Many ordinary 
woods sods and fidd soils are also add, but to a degree so much 
smaller that typical oxylophytes do not grow in them; the 
specific addities under such conditions range from loo down to 
lo, and may be characterized by the well-known term st4boLcid. 
The slight degree of addity represented by numbers less than lo, 
for which minimacid is suggested, and the similar alkalinities up 
to lo, minimalkaliue, are observed in woods and field scnls, also 
assodated with certain types of plants; there is no evidence of 
marked change in flora on passing the neutral point, so such reac- 
tions may in general be classed as circumneutral. The soils de- 
rived from limestone rocks under conditions where the lime is 
not extensively leached out, and also natural waters rising 
through calcareous materials, often diow a specific alkalinity of 
from lo to loo, and for them the term siibalkaline, corresponding 
to that used on the add side for a similar range, may be used. 
Medialkaline and superalkaline soils, using these prefixes in the 
same senses as was done on the add side, are presumably met 
with in “alkali” regions where free sodium carbonate ocxiurs. 

It is realized that the division of reactions into groups of equal 
length in the above manner is a somewhat artificial and arbi- 
trary procedure. No claim is made, however, that the dividing 
lines between the groups are actually important critical points, 
at which the growth of any large number of spedes ceases. 
This method of subdivision and nomenclatmre is merely put 
forward to fill what is believed to be a real need, namely, for a 
series of readily understandable and roughly quantitative terms 
which may be used in the description of the reactions of soils, 
espedally in discussions of plant distribution.^ 

Certain advantages possessed by the proposed methods of 
stating reactions may now be indicated. The neutral point is 

7 An example of how the method works out in practioe will shortly be published 
elsewhere. 
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clearly marked b)' the figure o; the exponents of the H and OH 
ions present in a given solution differ only in sign, and solutions 
of equivalent acidity and alkalinity are described by numerically 
identical terms, which is not the case in the usual methods. 
But the most desirable feature appears to the writer to be the 
ease with which the relative magnitudes of reactions under com- 
parison can be appreciated when the numerical specific acidities 
and alkalinities are used. For example, in a recent study of the 
occurrence of azotobacter in cranberry soils'* it was found that 
untreated soils had Ph = 5.4 to 5.6, and limed soils 6.2 to 6.4. 
With this method of statement it is not apparent, without stop- 
ping to calculate it out, in what direction the reaction has been 
altered or how extensive the change has been. If the same data 
are stated by the proposed chemical potential method, however, 
Xh = 1.6 to 1.4 and 0.8 to 0.6 respectively; and when 10 is 
raised to these powers the corresponding numerical specific 
acidities are 40 to 25, and 6 to 4, showing directly and clearly 
that liming has reduced the acidity to about of its original 
amount. 

In conclusion, it may be remarked that the proposed methods 
of describing reactions are by no means adapted only to work 
with soils; they may prove useful in other fields as well. It 
may be urged especially that the readiness with which the numer- 
ical specific acidities and alkalinities can be understood by workers 
in nonmathematical sciences ^ould lead to favorable consider- 
ation of this method whenever results obtained by physical- 
chemical measurement are to be applied in other fields. 

BOTANY . — Intolerance of maize to self-fertilisation. G. N. 

Collins, Bureau of Plant Industry. 

Of the important cultivated crop plants maize is perhaps][the 
least tolerant of self-fertilization. Only one strain among hun- 
dreds that have been tested has yet been discovered, the vigor 
of which is not reduced by even a ^ngle generation of self-fer- 
tilization. Many strains that have been trader investigation 

® Gainby. Science 48: 654. 1918. 
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reqtlire special care to keep them alive after four or five successive 
sdf-pollinatioxis. In view of this serious limitation it seems re- 
markable that the spedes has developed no adequate means of 
avoiding self-pollination. 

The staminate and pistillate flowers of maize are borne on 
different parts of the plant, but most varieties are synacmic, or 
at most slightly proterandrous, and as the staminate flowers are 
at the top of the plant it is only when winds continue during all 
the time pollen is being shed that self-pollination is avoided. 
It is obviously of advantage to a plant with the sexes disposed 
as in maize not to be entirely dependent on cross-pollination. 
But it appears almost equally obvious that a slight departure 
from synacmy toward proterogymy would be more advantageous 
than a similar departure in the direction of proterandry. 

Maize may be successfully pollinated at any time within 5 
to 10 days after the emei^fence of the silks. IJS^th a variety 
normally proterandrous, pollen continues to fall from a plant for 
one or two days after the sUlss emerge. If a period of calm pre- 
vails at this time, the ear will be fertilized by pollen from the 
same plant. Should there be wind during the forenoon, when 
most of the pollen is liberated, or if the plant be slightly more 
proterandrous, fertilization will be dependent on pollen from 
pther plants, and if no foreign pollen is at hand the ear will be 
sterile. If, on the other hand, the sUks were to appear before 
the pollen, there would be the same opportunity for cross-polli- 
nation as with proterandrous plants, and should no foreign 
pollen be available, pollen from the same plant beginning to 
fall while the silks were stiU receptive would give self-pollinated 
seed instead of a sterile ear. 

From the behavior of varieties imported from the tropics it 
was at one time thought that the more primitive varieties of 
maize were more proterandrous, and that the practically synac- 
mic nature of improved varieties was the result of intensive 
breeding.^ As selection is usually practiced, markedly pro- 
terandrous individuals would be considered barren stalks and 

^ CowNS, G. N. A vari^ <tf maiee with silks maturing before the tassels, U. S. 
Dept. Agric. Bur. PL Ind. Circ. 107. February 7, 191$. 
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would be eHminated. It now appears, however, that the growing 
of a variety in a new environment may result in accentuating 
the proterandrous character. Since the investigations with 
primitive types have been conducted in this country with in- 
troduced material, it may be that the observed proterandrous 
tendency of these types is due largelj' to environmental causes. 
The idea that maize may be of hybrid origin makes possible 
another explanation of why maize is S3raacmic and at the same 
time intolerant of self-pollination. 

Euchlaena, the nearest relative of maize and usually regarded 
as an ancestor, is not intolerant of self-fertilization. Com- 
parisons of selfed and crossed strains of Euchlaena do not show 
a measurable reduction of vigor as a result of self-pollination, 
and there is no diJBBiculty in maintaining vigorous selfed strains. 
In fact, as a result of the excessive branching that obtains in 
Euchlaena, a very large proportion of the seed is normally self- 
pollinated. Intolerance of self-fertilization is therefore among 
the characters of maize that must be sought outside Euchlaena. 

If intolerance of self-pollination were derived from some otha* 
source than Euchlaena, it seems not unreasonable to suppose 
that the ancestor possessing this intolerance would have also 
some means of securing cross-fertilization, which is not necessary 
in Euchlaena. This means is suggested by another non-Euch- 
laena character, the tendency to produce perfect flowers or 
androgynous inflorescences which are proterogynous. 

Whenever both stamens and pistils are developed in the same 
maize inflorescence, the silks appear before the pollen falls. 
This is true for both terminal and lateral inflorescences. Termi- 
nal inflorescences mature before the lateral, and since the normal 
pistillate inflorescence has the lateral portion, the dday at- 
tendant on this position neutralizes the natural protarogyny, 
with the result that maize plants generally are synacmic or 
proterandrous. There is thus a sense in which maize is pro- 
terog 3 mous, the proterandiy being that of the plant instead of 
the individual flower or infloresc^ce and resulting from the 
separation of the sexes into different parts of the plant. 
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Whenever two plants with widely different characteristics are 
crossed, characters, which in either parent may be advantageous, 
may unite to make an unfavorable combination. It has been 
assumed that the plant which combined with Buchlaena to 
produce maize must have been perfect-flowered. It now seems 
reasonable to assume also that this other ancestor was ade- 
quately protected agamst self-fertilization by complete proter- 
ogyny. 

If a perfect-flowered proterogynous plant with a terminal 
inflorescence were combined with Buchlaena, the inability to 
withstand self-pollination might be retained, while the segre- 
gation of the sexes to different parts of the plant would result in 
the practical loss of the proterogyny. 

In view of these considerations, it is suggested as probable 
that the extreme intolerance of maize to self-pollination was 
introduced through a perfect-flowered ancestor and that in this 
ancestor the danger of self-pollination was guarded against by 
proterogyny. 

ZOOLOGY . — Recent zoological explorations in the western Araic. ‘ 
Rudolph Martin Anderson, Biological Dhision, The 
Geological Survey, Ottawa, Canada. (Communicated by 
M. W. Lyon, Jr.) 

The early explorers of this region — Heame, Ross, Franklin, 
Dease and Simpson, CoUinson, McClure and others — were 
usually naval officers or agents of the Hudson’s Bay Company, 
and made very few observations on the animal life outside of 
occasional comments on the larger game animals or the few 
species important to the fur trade. The first really important 
zoological work to result from these explorations was done by 
Dr. John Richardson, who travelled in the western Arctic in 
1821-23, 1826-27, and 1847-48, summarized in the accounts of 
these explorations, and in the monumental “Fauna Boreali- 
Americana.” 

^ Abridged from a paper read before the Biological Society of Washington, 
April 5, 1919. 
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The next great naturalist in the north was Roderick Mac- 
Farlane, still living in Winnipeg, who, beginning in the late 
fifties and continuing until the nineties, enriched the United 
States National Museum with collections made in the Mackenzie 
basin and the region around Liverpool Bay and Franklin Bay. 
E. W. Nelson at St. Michaels and farther north from 1877 to 
1881, and John Murdoch at Point Barrow in 1881-83, made 
very important contributions both to collections and to zoolog- 
ical literature. Other scientific collectors who reached spots 
on the western Arctic coast were Frederick Funston (about 1896), 
E. A. Mcllhenny (1898), and Frank Russell (1894). David T. 
Hanbury (1904) and Roald Amundsen (1906-07) made some 
notes, but little in the way of zoological collections. 

Mr. E. A. Preble, of Washington, although not strictly an 
Arctic worker himself, in 1908 summed up all previous Arctic 
zoological work and bibliography in his Biological investigations 
of the Athahaska-Mackenzie Region (North American Fauna, 
No. 27). 

The speaker, in carrying on zoological collecting and explora- 
tion for the American Museum of Natural History in the Arctic 
from 1908 to 1912, visited practically all points on the Arctic 
coast from Point Barrow, Alaska, to Coronation Gulf, as well 
as many Arctic districts away from the coast, notably on both 
sides of the Endicott Mountains divide in Alaska, the Mack- 
enzie delta, and the edge of the timber-line in the Great Bear 
Lake and Coppermine River region in Canada. The Canadian 
Arctic Expedition, 19x3-16, covered a good part of the same 
region, although its activities were mainly on or near the coast. 
The first year's base (1913-14) was at CoUinson Point, Alaska, 
and the base for the next two years on Dolphin and Union 
Strait, whence the territoiy was worked west to Damley Bay 
and east to Bathurst Inlet. The southern branch of*>the ex- 
pedition was prepared for both terrestrial and marine zoological 
work, and extensive collections of plants, insects, fishes, and 
invertebrates were made, as well as good series of the larger 
animal forms. The northern division of this expedition was 
mamly interested in geographical work and did very little zo- 



314 andssson: sxi>ix>sations in the arctic 

ological work. The reports of this expedition are now being 
published by the Canadian government in extended form, the 
separates on each group being distributed as soon as printed. 

The principal <hfficulties in Arctic zoological work are (i) 
difficulty of transportation; (2) limited fauna in winter; (3) 
limited scope for fidd work in each summer; (4) necessity of 
moving at best season for fidd work. 

It is worthy of note that the eastern North American land 
fauna runs far to the westward along the Mackenzie River sys- 
tem. Traces of Western influences begin to appear in the 
Madcende ddta. 

Tongues of the Hudsonian life zone extend far beyond the 
Arctic Cirde in places. The isothermal lines are very irregular. 

The prevailing east and west migration along the Arctic coast 
brings some Facffic forms far east along the coast 

There is an extendve north and south bird migration along 
part of the Mackenzie ^tem, the Anderson River, Liverpool 
Bay, and toTmrds Banks Island. 

There is little migration along the Coppermine River. 

Traces of the Sberian fauna come across from Bering Strait 
and Kotzebue Sound to the Colville ddta on the Alaskan Arctic 
coast. 

There has evidently been a great dimmutioa of some forms of 
bird life in the Arctic in recent years, the same as dsewhere, 
but this is not primarily due to destruction by natives, except 
perhaps in parts of western Alaska. 

The reduction of game and for animalR is due prindpaBy to 
white men’s influence, directly or indirectly. The numbers of 
individuals and conditions of existence of many spedes are 
rapidly changing over many large areas in the Arctic, and causing 
rapid and extendve shifting of native population. 

Ihe Arctic marine life is fairly uniform in circumpolar regions, 
the conditions of fife being nearly uniform. Large series of 
terrestrial animals diow that there is less variation of some 
spedes over large areas, than has been supposed. 
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GEOLOGY . — Geology and mineral deposits of the ColviUe Indian Reser- 
vation, Washin^on. J. T. PabdbB. U. S. Geol. Survey Bull. 
677 . Pp. i8o, 12 plates and i figure. 1918. 

The rocks exposed are the Covada group which consists of schistose 
argillite, greenstone, and limestone of probable Carboniferous the 
intrusive Colville granite probably Qretaceous; dike rocks and lavas of 
Tertiary age; and Pleistocene gladal deposits. 

The Pleistocene Cordilleran Ice cap overran all the Reservation 
except part of San Poil Valley. After iJie ice had withdrawn the vaH^r 
of Columbia River was ponded to the present 1700 foot contour. This 
water body was displaced by the Nesplem Silt from which the river 
carved terraces as it re-excavated its channd. The Nesplem Silt is 
corrdated with the White Silt formation of Dawson in Prazer valley, 
Briti^ Columbia. 

The mineral depodts consist chiefly of veins that contain ^ver, lead, 
and zinc and contact metamorphic deposits valuable mainly for copper. 
Most of the known lodes of economic importance are confined within 
four more or less definite area near Nesplem, Park Cily, Covada, and 
Kdler. With respect to rock fcnmations, the lodes are about equally 
divided between the Colville granite and the Covada group. No metal- 
bearing lodes have been found in rocks younger than the Colville 
granite. Most of the veins are narrow, the oxidized zone is shallow, 
and seccmdary enrichment, though consiacuous in one or two mines, is 
not commcm. Scxme of the contact metamor|fl]ic d^>osits are large 
but of very low grade. J. T. P. 
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GEOLOGY. — Relation of landslides and glacial deposits to reservoir sites 
in the San Juan Mountains, Colorado. WAE^iAce W. Atwood. 
U. S. Geol. Sttrvey Bull. 685 . Pp. 38, 8 plates, 17 figs. 1918. 

Inasmuch as experience has shown that many landslide masses and 
certain of the glacial deposits are not able to withstand the pressure of 
a high head of water without serious leakage, it seems desirable to pub- 
lic a description of the mountain canyons and the deporits commonly 
found in them and of the geologic conditions associated with the lakes 
in the mountains, so that, in the future, no expensive errors need be 
due to a failure to recognize the geologic formations bordering a pro- 
posed reservoir site. Glacial deposits of the Wisconsin glacial stage are 
described in detail. Landslides and torrential deposits in larger canyons 
are discussed. Several resen^oirs are described and illustrated in de- 
tail. R. W. Stone. 

GEOLOGY. — Geology and ore deposits of the Tiniic mining district, 
Utah. Waldemar Lindgren and G. F. LouGHniN, with a historical 
review by V. C. Heikes. U. S. Geol. Siuwey Prof. Paper No. 107 . 
Pp. 282. 39 plates, 49 figures. 1919. 

The report gives the result of a detailed re-survey of the Tintic dis- 
trict, results of the first survey by G. W. Tower, Jr., and G. O. Smith 
having appeared in the nineteenth annual report of the Survey in 1898. 
The scope of the report is similar to that of other Survey professional 
papers on mining districts, and particular attention may be directed to 
the following features: 

Part I (by G. F. L.). — ^Revision of the stratigraphy based on newly- 
discovered paleontdogic evidence, proving the existence of lower, 
middle, and upper (?) Cambrian, lower and upper Ordovician, upper 
(?) Devonian, and Mississippian strata; unconformities at the base of 
the Ordovidan and of the Mississippian; description and correlation 
of igneous rodrs, including early latite or andesite, early and late rhyo- 
lites, later latites and monzonite, and basalt; magmatic differentiation 
of the igneous rocks, comparing evidence for and against magmatic 
sloping, abyssal and marginal assimilation; folding and faulting, the 
latter taking place during 5 periods; rock alteration considered tmder 
three heads: (o) before volcanic activity (formation of chert, dolomite, 
and some seriate, and prevolcanic products of weathering); (&) during 
and immediately after volcanic activity; (c) distinctly later than vol- 
canic activity. 
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Part II (by V, C. H.): — Gives history and production from 1869 to 
1916, including production by ore zones and by kinds of ore; also the 
history of smelting and milling. 

Part III (by W. L.) : — Discusses relations of deposits to fractures in 
igneous and sedimentary rocks, showing selective replacement of lime- 
stone; underground water; mineralization, with particular attention to 
silidfication of limestone and dolomite, paragenesis of ore and gangue 
nrinerals, horizontal and vertical zones of deposition, and processes of 
oxidation of different ores, genesis of the ore deposits; future of the dis- 
trict. Detailed descriptions of mines follow, and reconnaissance re- 
ports on the East Tintic and North Tintic districts are included. 

G. F. L. 

GEOLOGY - — The Genesis of the ores at Tonopah, Nevada. U. S. Geol. 
Surve}’' Prof. Paper 104. Edson S. Bastin and Francis B, 
Lanby, Pp. 47, 16 plates, 22 figs. 1918. 

This. investigation supplements the work of Spurr and Burgess by 
applying to the ores methods of microscopic study not in general use 
when these reports were prepared. The Tonopah district is imderlain 
by a thick series of rocks that are products of volcanic activity and are 
bdieved to be of Tertiary age. In spite of complicated faulting most 
of the volcanic formations are rather flat-lying. In 1915 the Tonopah 
production of silver was exceeded in the United States only by that of 
Butte. 

The bulk of the metal production of the district has come from ore 
bodies lying wholly within the Mizpah trach3?le. Following are iiie 
more important conclusions : 

1. The hypogene or primary ores have been modified in places by 
oxidation and emidiment through the agency of the air and oxygenated 
solutions originating at or near the smiace. .The high silver content of 
mudi of the ore obtained in the past and of some ore now remaining is 
unquestionably due in part to these processes. 

2. There is evidence not only of recent oxidation of the ores but also 
of at least one period of ancient oxidation, and supergene sulphide en- 
richment was probably an accompaniment of each of these periods. 

3. The rich silver ores now bdng mined at Tonopah are probably 
in the main of hjrpogene or primary origin. 

4. Mining has shown that in certain veins the primary sulphides 
become less abundant with increasing depth, though the same spedes 
are present; mere increase in depth may account for this diange in 
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some veins, for every vein must finally end in depth as well as laterally; 
in many veins change in wall rock has been at least a contributing factor. 
The veins developed by other deep workings are heavily mineralized 
and of high grade, and the geologic evidence is favorable to the per- 
sistence of rich primary silver ores to depths considerably greater than 
those yet attained in the mining operations. 

Although hot ascending waters are encountered in a number of the 
deeper workings, there is little evidence that these waters are now de- 
positing ores. R. W. StONB. 

GEOTCXtY. — Coal south of Mancos, Montezuma County, Colorado. 
A. J. Collier. U. S. Geol. Survey Bull. 691 -K. i6 plates, 2 
figs. 1919. 

There are two coal-bearing formations near Mancos, Colorado, the 
Dakota sandstone, in the lowlands north of the town, which yields a very 
impure coal of bituminous rank, and the middle formation of the Mesa- 
verde group whidi yields a coal of somewhat lower rank than the Dakota 
coal, though rdativdy pure and mudi esteemed as a fud. 

The formations have a uniformly low dip to the south. The coal 
beds here described are all in the Menefee formation, are bituminous and 
are nearly all less than 6 feet thick. Three mines supply local demand. 

R. W. Stone. 

GEOLOGY, — Geology of the Lost Creek coal field, Morgan County, Utah. 
"Prank R. Clark. U. S. Geol, Survey BulL 691 -L. Pp- 31 1- 
322, I plate, I fig. 1918. 

The Lost Creek coal fidd lies in Morgan County, Utah, about 10 or 
12 miles northeast of Devil’s Slide Station, on the main line of the Union 
Pacific Railroad- 

The coal bed, which is lenticular and varies greatly in thideness even 
in small areas, is confined to one coal-bearing zone. It is sub-bitumi- 
nous and contains much moisture and many impurities in the form of 
small lenses or partings of bone and shale. 

The rocks exposed in this fidd comprise two formations whidi differ 
widdy in diaracter as well as in age; the older formation is of Jurassic 
age and the younger of Tertiary age (Wasatch formation). These 
formations are separated by a great unconformity representing a long 
interval of time during which the older rodcs were minutdy folded and 
the folds were later truncated by erosion. The rocks t^t are here 
assigned to the Jurassic consist of limestone, shale, and wdl-indurated 
sandstone. 



abstracts: GnOl/OGY 


319 


The rocks overlying the Jurassic unconformably are correlated with 
the Wasatdi formation of Echo Canyon, and consist of an upper and a 
lower conglomerate and intervening sandstone and shale. 

The structure of the Jurassic formation is intricate and complicated. 
The rocks are highly folded and may be faulted. 

The Wasatch beds were laid down on the truncated edges of the Juras- 
sic rocks and are now generally flat lying. 

The coal in the Tost Creek field cx^curs in small areas and is generally 
too thin to be of econonnc value. 

The Tost Creek coal, being inferior in rank to subbituminous coal of 
nearby Adds, is not likdy to receive serious attention. 

R. W. Stonb. 

GEOTOGY . — A geologtc reconnaissance for phosphate and coal in south- 
eastern Idaho and western Wyoming. Alfred Reginald 
Schultz. U. S. Geol. Survey Bull. 680 . Pp. 81, 2 plates, 8 
figures. 1918. 

Describes fully the stratigraphy of the region, embracing a geologic 
column from pre-Cambrian to Quaternary; describes the geologic 
structure briefly. The occurrence of phosphate rock in several localities 
is given in such detail as is possible from recx^nnaissance examination 
only, but it is apparent that in the Snake River Range, Bighole Moim- 
tains, and Teton Range, particularly along the east side of Teton Basin, 
a large amount of phosphate is present. The analyses show considerable 
variation but they indicate the presence of some high-grade ore that 
contains approximatdy the equivalent of 70 per cent of tricalcium phos- 
phate. Beds of coal have been found at several localities in this fidd 
and are at present being mined in a few places. Most of the coal beds 
that have been exploited are of Cretaceous age, bdong to the Frontier 
formation, and represent the northward extension of the coal beds 
which are so extensivdy devdoped and on whick active mines are lo- 
cated in southern Tincoln County, Wyoming. Beds of coal are also 
found in rocks stratigraphicaUy bdow the Frontier formation, which 
probably represent the Bear River coals that have beeq prospected in 
the vicinity of Sage, Wyoming, but on whick no acrtive mines are 
located. The coal is bituminous and rather free from impurities, and 
occurs in beds i to 4 feet thick. According to report some of it has 
been coked with fair success. Most of the coal is badly diattered, as 
would be expected in a region where so much faulting has taken place. 
Several sections and analyses are given. R. W. Stone. 
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geology . — The Upper Chitina Valley, Alaska. Feed H. Moepit. 
U. S. Geol. Survey Btall. 675 . Pp. 8o, 13 plates, 2 figs. 1918. 

This report deals larg^y with the more purely scientific aspects of 
the geolc^c problems, discussing at considerable length the stratig- 
raphy and the igneous rocks. It has been proved that the copper- 
bearing rocks, which have yielded valuable d^osits in the lower Chitina 
Valley, occur also in the upper valley. It is also shown that the forma- 
tions from which the Nizina placers have derived their gold occur in this 
r^on. On the other hand, no mineral deposits of proved value have 
yet been exploited in the upper Chitina basin. It must be said, however, 
that comparatively little prospecting has been done in this field. 

R. W. Stone. 

GEOLOGY. — The Nelchina-Susitna Region, Alaska. Theodore 
Chapin. U- S. Geol. Survey Bull. 668. Pp. 64, 10 plates, 4 figs. 

1918. 

Discusses the distribution, age, and corrdation of the various geologic 
formations in a little-known region, and the development of its land 
forms. There has been but little productive mining in the r^on, and 
its geology does not encourage the hope of finding extensive placers, 
yet the wide distribution of alluvial gold indicates considerable mineral- 
ization. Moreover, the presence of a large number of intrusive igneous 
rocks also encourages the hope of finding local mineralization of the 
bedrocks. R. W. Stone. 

GEOLOGY, — The Nenana coal field, Alaska. G.* C. Martin. U. S. 
Survey Bull. 664 . Pp, 54, 12 plates. 1919. 

The Nenana coal field lies southwest of Fairbanks in the northern 
foothills of the Alaska Range. The rocks of the Nenana coal field con- 
sist of the coal-bearing beds, metamorphic and igneous rocks beneath 
the coal-bearing beds, and gravel, sands, and silts above them. 

The coal-bearing strata consist of slightly consolidated sands, days, 
and gravels with numerous beds of lignite. These beds are of Tertiary 
age. The coal-bearing beds rest unconfonnably upon Paleozoic (?) 
schist and igneous rocks and are overlain unconformably by Quartemary 
gravds, 1,500 or 2,000 feet thick. 

The structure of the coal areas is fairly simple. The individual coal 
areas consist of shallow and gently warped basins in which the beds are 
at some places steeply folded or faulted against masses of crystalline 
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rock that separate the basins. No intrusive rodcs are known to cut 
the coal measures. 

The coal of the Nenana fidd occurs in many beds of different thickness, 
the thickest measuring perhaps 30 to 35 feet, which are distributed 
rather uniformly through the coal measures. At least twdve coal 
beds are of workable thickness, and six or more measure over 20 feet. 
The analyses show that the coal is a lignite of good grade, of about the 
same quality as that of Cook Met. R. W. Stone. 

ORNITHOLOGY. — Description of a new subspecies of the little yellow 
bittern from the Philippine Islands. Alexander Wetmore. 
Proc. Biol. Soc. Wash. 31: 83-84. June 29, 1918. 

The form of Ixobrychus sinensis occurring on the Philippine Islands 
proves to be different from aU the other races of this spedes, and, 
as it has no distinctive name, is to be known as Ixobrychus sinensis 
astrologus Wetmore. It is apparently most dosdy allied to Ixo- 
hrychus sinensis bryani (Seale), from the island of Guam in the Marianne 
group, from which it differs chiefly in its smaller size, darker upper 
parts, and paler neck. Its type is from Paete, Laguna, Liizon Island, 
Philippine Islands, and its range extends from the island of Luzon to 
Panay Island in the Philippine Archipelago. Harry C. Oberholser. 

ORNITHOLOGY. — The migration of North American birds. VI. 
Horned larks. Harry C. Oberholser. Bird Lore 20: 345-349 
(map). 1918. 

The geographic distribution of the American homed larks extends 
from the Arctic Ocean to Bogotd, Colombia. Twenty-three sub- 
spedes are now distinguishable, most of which are resident. Five 
subspedes not currently recognized are here revived and their geo- 
graphic distribution delineated. These forms are Otocoris alpestris 
enthymia, Otocoris alpestris aphrasta, Otocorts alpestris leucansiptUa^ 
Octocoris cdpesirisy ammophila, and Otocoris alpestris enertera. The map 
shows the distribution of all the American forms, and tables indicate 
the migration movements of the four forms that are most migratory. 

H. C. 0 . 


ORNITHOLOGY. — Birds of Glacier National Park. Florence Mer- 
RiAM Bailey. General information regarding Glader National 
Park, season of 1918, 52-64. 191S, 

This list of 184 spedes and subspedes is reasonably complete for 
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the Glacier National Park. It comprises all the species heretofore 
authentically reported from the Park, together with many unpublished 
data from recent field work in this region. It may be regarded as a 
prdiminaxy contribution, and contains only brief notes on each species 
and subspecies, including their manner and place of occurrence in the 
Park. Harry C. Ob^rhoi^Sr. 

ORNITHOLOGY. — Bones of birds collected by Theodoor de Booy, 
front kitchefir^idden deposits in the islands of St. Thomas and St. 
Croix. AifRXA2n>RR Wktmore. Proc. U. S. Nat. Mus. 54: 
513-522, pi. 82. 1918. 

A collection of seventy-three fragments of bird bones from kitchen- 
midden deposits on the islands of St. Thomas and St. Croix furnishes 
a number of interesting records. Among these remains thirteen species 
are represented, induding three not identifiable more than genetically. 
Nine spedes are attributed to the island of St. Thomas, induding 
five not hitherto recorded. These five are Puffinus Iherminieri, Sula 
leiicogasiris, Fregata magnificens [rothschildi], Anous stoUdus, and an 
interesting new genus and spedes of the family Rallidae. The last 
mentioned is apparently most dosdy allied to the genera Aramides 
and GalliralluSf and is here named Nesotrochis debooyi. From St. 
Croix six spedes are recorded, of which Sula piscator [= Sula sula], 
Nesotrochis debooyi, and Corvus leucog'naphcdus were previously unknown 
from this island. The last is of particular interest, since no spedes 
of this genus has been recorded in the West Indies farther east than the 
island of Porto Rico. Harry C. Ob^rhoi^rr. 

ORNITHOLOGY. — Attracting birds to public and sef^iipublic reser- 
vations. W. L- McAtb®. U. S. Dept. Agric. Bull. 713: 1-13. 
1918. 

Birds exert a steady influence in reducing the numbers of injurious 
insects and other plant feeders, and shotdd, for this reason, be partic- 
ularly useful in public reservations. Birds are benefidal as enemies 
of a great variety of pests, and many observers daim that an abimdance 
of birds on their grounds has kept down all the ordinary enemies of 
vegetation. They are, therefore, deserving of careful protection; 
and more attention should be given to attracting them to public and 
semipublic reservations such as national parks, national forests, national 
bird reservations^ state parks, zoological gardens, the environs of res- 
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ervoirs and water works, boulevards, and roadsides. On the national 
reservations much could be done to attract waterfowl by planting 
suitable water plants which form a large part of the food of such birds, 
and by furnishing for upland game birds coverts which would also 
provide abimdant food from their fruits. In public parks and 
zoological gardens the bird population may be very much increased 
by the proper installment of drinking places, bird boxes for breeding 
places, and feeding stations during the winter; nor should the planting 
of suitable trees and shrubs on parkways, boulevards, and along road- 
sides be neglected. Without much doubt the use of bird-attraction 
methods on sudi public and semipublic lands would benefit not only 
these areas but, through the increased destruction of injurious insects, 
also all the adjoining lands and the cotmtry at large. 

Harry C. Obbrhoi^r. 

ORNITHOLOGY. — The duck sickness in Utah. Alexander Wet- 
MORE. U. S. Dept. Agric. Bull. 672: 1-26. 1918. 

The annual losses from disease among wild fowl in the Salt Lake 
Valley, Utah, became so great that the Biological Survey began, in 
1913, an investigation of the causes. Although for many years the 
dudks in the Bear River marshes, at the northern end of Great Salt 
Lake, have been known to be affected by a peculiar sickness, this did 
not become serious imtil 1910; but in that year so many thousand 
wild ducks died in this region that sportsmen and other persons interested 
in wild fowl became mu^ alarmed over the situation. The same con- 
dition has been reported from other areas — Owens Lake, California, 
Tulare Lake, California, Lake Malheur, Oregon, Lake Bowdoin, Mon- 
tana, and the Cheyenne bottoms near Great Bend, Kansas. The 
species affected in these various outbreaks comprise 36, and indude 
many spedes of ducks, gulls, terns, shore birds, and other water-fowl, 
together with a few land birds such as Pica pica hudsonia, Xan&iocepha- 
lus xanthocephalusj Anihus spinoletta rubescens, and even Petrochelidon 
lutdfrons lunifrons. 

The most conspicuous symptoms of this peculiar dude disease in- 
dicate a paralysis of the nerve centers controlling the muscular system. 
It is first noted in the inability of the bird to fly for any great distance, 
and finally in the lack of power to fly at all. The paralysis extends 
later to the legs and feet, then to the head and neck, so that the bird 
ultimatdy becomes entirdy hdpless. 
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Many theories were advanced regarding the cause of this peculiar 
malady. One of these attributed it to a bacterial or protozoan in- 
fection. Some persons claimed that the birds were poisoned by sul- 
phurous or sulphuric acid from the smelters near Salt Lake City; 
and still other people contended that the sickness was due to the waste 
waters from the settling ponds of the sugar factories. A number of 
additional but much less plausible theories were also suggested. The 
investigations finally carried on about Great Salt Lake have clearly 
proved that the real cause is a toxic action of certain soluble salts 
found in alkali, such as the chlorides of calcium and magnesium. The 
birds take these into the system by feeding in water heavily charged 
with them, in places such as drying fiats about the margin of Great 
Salt Lake, particularly in the Bear River region. Fresh water is the 
only cure, and this has been foimd effective in all cases of the sickness 
where the birds treated were not too far gone. Birds slightly affected 
and even many that were entirely helpless recovered nearly always 
when simply given moderately fresh water to drink. Since the cause 
of this disease over wide areas in the northern part of Great Salt Lake 
is the restriction of the inflow of fresh water, the chief possible means 
of alleviation must be found in the draining of the mud flats and 
the increase, somehow, of the inflow of fresh water. 

Harry C. Obqrholser. 

ORNITHOLOGY. — Nates on North American birds, VI, Harry C. 

Obbrhoi^ER. Auk 35: 463-467. 1918. 

Examination of a series of specimens of the belted kingfisher shows 
that Streptoceryle alcyon caurina is a readily recognizable race by 
reason of its greater size alone. Although the American bam owl has 
been recently made a subspecies of the South American Tyto perlafa, 
the comparison of a series of specimens with examples of the European 
races indicates that the North American bird is only subspedfically 
related to them, and that it must therefore stand as Tyto alba pratin- 
cola. All the American forms of Certhia are certainly but subspecies, 
and are undoubtedly forms of the European Certkia familiaris, not of 
Cerihia brachydactyla Brehm, as claimed by a recent author. In a 
recent revision of the Paridae by Dr, C. E. Hellmayr, Penihestes ca- 
rolinensis was made a subspecies of Penihestes atricapilluSt but a dose 
study of these birds in life and in the cabinet indicates ^that they are 
entirely distinct spedes. The race of Myrtle warbler described as 
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Dendroica coronata hooveri by Mr. R. C. McGregor has not been cur- 
rently recognized, but a thorough study of a large amount of material 
proves that it is readily separable by both size and color. The redpoll 
known as Acanthis hornemanni exilipes Coues has recently been claimed 
to be a subspecies of Acanthis linaria, but since the two breed in the 
same localities over wide areas they must be specifically distinct. 

H. C. O. 

ORNITHOLOGY. — Mutafida ornitkologica. IV. Harry C. Obrr- 
HOLSRR. Proc. Biol. Soc. Wash. 31: 125-126. November 29, 
1918. 

By the change of the generic name Euphonia to Tanagra the current 
names of several species and subspecies become untenable. By this 
transfer to the genus Tanagra^ the Euphonia vittata of Sdater becomes 
preoccupied and is here named Tanagra catasticta. For a similar reason 
Euphonia aurea pileata Berlepsch is renamed Tanagra aurea cynophora; 
Euphonia violacea magna Berlepsch must be known under the new name, 
Tanagra violacea pampolla Oberholser; Euphonia laniirostns peruviana 
Berlepsch and Stolzmann must be called Tanagra laniirostris zopholega 
Oberholser; and Euphonia oUvacea Desmarest must be replaced by 
Tanagra minuta (Cabanis). H. C. 0 . 

ORNITHOLOGY. — The migration of North American birds. II. The 
scarlet and Louisiana tanagers. Harry C. Oberhoi^sbr. Bird 
Lore 20; 16-19. 1918. 

This paper contains tables of migration data for both spring and 
fall, together with the summer and winter distribution of Piranga 
erythromelas and Piranga ludoviciam. These data are from localities 
in the United States and Canada, and, as in the previous paper, cover 
the earliest, latest, and average dates of arrival and departure in both 
spring and autumn. H. C. 0 . 

ORNITHOLOGY. — Washington region [October to Nauembert 1917]. 
Harry C. Oberholser. Bird Lore 20: 22. 1918. 

During October and November, 1917, notwithstanding the unusually 
cold weather, few northern birds made their appearance- Strangely 
enough some birds remained later than is common, and one species, 
Pisobia minutilla, broke all its records, remaining until November 
22, nearly a month beyond its previous latest date. On the other hand, 
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Larus argentatus appeared on November 21, which is four days ahead 
of its previous earKest record. Some spedes were more than ordinarily 
numerous, among which might be mentioned Sturnella magna magna 
and Oxyechus vociferus. 

ORNITHOLOGY. — Annotated catalogue of a collection of birds made 
by Mr. Copley Amory, Jr., in northeastern Siberia. J. H. Rii^y. 
Proc. U. S. Nat. Mus. 54: 607-626. 1918. 

Mr. Copley Amory, Jr., who accompanied the Koren Expedition 
to the Kolyma River of northeastern ^bera in 1914, made a collection 
of 228 birds. These were obtained at localities ranging from near the 
mouth of the Kolyma River to the Tomus Chaja Mountains, and are 
referable to 76 spedes and subspedes. This paper is an annotated cata- 
logue of these, and indudes the localities and dates where each spedes 
was observed or collected, together with remarks on plumage and the 
status of races, and Mr. Amory’s field notes on habits and distribution. 
Some of the interesting results of the study of this collection are the sub- 
stantiation of Mr. G. M. Mathews’ division of Canutus canutus into 
three subspedes; of the recently described Budyies flamis plexus Thayer 
& Bangs; and of Otocoris alpestris euroa Thayer & Bangs. It is also 
worthy of note that the Lapland longspur occurring in the Kolyma dis- 
trict is much nearer Calcarius lapponicus alascensis than to Ccdcarius 
lapponicus cohratus. Habry C. Obbrhoi^r. 

ORNITHOLOGY. — Description of a new subspecies of Cyanolaemus 
demendae. Harry C. Obbrhoi^r. Condor 20: 181-182. Sep- 
tember, 1918. 

Examination of a series of Cyanolaemus cUmenciae disdoses the 
existence of a hitherto unrecognized subspedes, which will stand as 
Cyanolaemus clemenciae bessophilus. It differs from Cyanolaemus 
clemenciae clemenciae in its shorter bill, duller upper parts, and paler 
lower surface. It ranges from southeastern Arizona, southwestern 
New Mexico, central western Texas, south to the State of Chihuahua, 
Mexico, and in winter to Vera Cruz, H. C. O. 

ORNITHOLOGY. — Description of a new Lanius from Lower Cali- 
fomia. Harry C. OBmuaorsRR. Condor 20: 209-210. Novem- 
ber, 1918- 

The breeding shrike from the southern two-thirds of Lower Cali- 
fornia, induding the adjacent islands, proves to be subspedfically dis- 
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tinct from all the other races of the species. It is here named Lanius 
ludcmciamis nelsoni in honor of Mr. E. W. Nelson, the Chief of the 
Biological Survey. H. C. O. 

ORNITHOLOGY. — The summer birds of the St, Matthew Island Bird 
Reservation. G. Dallas Hanna. Auk 34: 403-410. October, 
1917. 

The St. Matthew Island Bird Reservation consists of three islands — 
St. Matthew, Hall, and Pinnacle. St Matthew Island, which is 
the largest of these, is some 22 miles long by two to three miles wide, 
and rises to an altitude of 1800 feet. The weather-worn rocks are 
either devoid of vegetation or covered with a scant growth of mosses 
and other low plants. The information presented here was gathered 
on a trip of investigation for the Biological Survey in July, 1916. Al- 
together 37 species and subspecies are now known from these islands 
induding four reported only by Dr. A. K. Fisher in 1899. Of all 
these only eight are land birds. Brief notes on the abundance and 
manner of occurrence are added under each spedes. The beautiful 
McKay snowflake, which is confined to these islands in the breeding 
season, is, it is satisfactory to note, still here the most abundant land 
bird of the level areas. Harry C. Obi^rholsi^r. 

ENTOMOLOGY. — A revision of the North American Gradlariidae from 
the standpoint of venation. Chas. R. Ely. Proc. Ent. Soc. Wash. 
19 : 29-77, pis. 6-9. 1918 (issued Sept. 1919). 

This paper presents a new arrangement for the North American 
Microlepidoptera of the family Gradlariidae. It contains a generic 
synopsis in which great stress is laid on the venation, especially the 
position of vein ii in the forewings. Three new genera ate charac- 
terized and the other genera known to occur in our fauna are briefly 
described. A catalog of the spedes and a list of the food plants of the 
larvae adds to the usefulness of the paper. S. A. Rohw^r. 

ENTOMOLOGY. — Idiogastra, a new stiborder of Hymenoptera with 
notes on the immature stages of Oryssus. S. A. Robwisr and 
R. A. Cushman. Proc. Ent. Soc. Wash, 19 : 89-^8, pis. ii and 
12. 1918 (issued Sept. 1919). 

The oryssoid Hymenoptera have long been recognized as a wdl- 
defined group but with characters which indicated that they are in- 
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tOTiediate between the generalized and specialized forms. The un- 
usual larva and larv’^al habits, together with adult diaracters, caused the 
authors to remove the oryssoids from the suborder Chalastogastra and 
place them in a new suborder. The paper indudes detailed descrip- 
tions of the larva and pupa of Oryssiis occidentalis Cresson and gives 
diagnostic characters for the new suborder- One unusual feature of the 
group is the long-exserted ovipositor of the, pupa which in the adult 
becomes concealed within the body, extending anteriorly in an inverted 
position into the prothorax where it rights itself and follows nearly 
the same course back to the apex of the abdomen where it is hidden 
within the sheath. S. A. R. 

ENTOMOLOGY . — ^-4 contribution to the biology of North American 

Diptera. Chas. T. GR]SENn. Proc. Ent. Soc. Wash. 19 : 

146-157, pis. 17-20. 1918 (issued Sept. 1919). 

This paper contains detailed descriptions of the larvae and pupae of 
six spedes of flies, which are rather common in the District of Colum- 
bia, and indudes notes on the habits of the immature stages. Good 
illustrations by the author accompany the artide. S. A, RoHWitR. 


paleontology . — Pliocene Foraminifera of the Coastal Plain of the 
United States, Jossph Augustinb Cushman. U. S. Geol. 
Survey Bull. 676 , Pp. 98, 31 plates- 1918, 

Two Pliocene formations are represented: The Waccamaw forma- 
tion and the Caloosahatchee marl. Nearly all the spedes in all the 
material are identical with those found at the present time along our 
Atlantic coast, but those from the Waccamaw formation of 
North and South Carolina and also some of those from Shell Creek, 
Florida, are much more similar to the material now found north of Cape 
Hatteras, while the Caloosahatdiee River material rq>resents a typically 
tropical shoal-water fatma such as may be found about southern Florida 
and in shallow water about the West Indies. 

The spedes of Foraminifera fotmd in the later Miocene of the Coastal 
Plain of the eastern United States are described or recorded. An at- 
tempt has been made to indude all records of the Foraminifera reported 
from the Atlantic and Gulf Coastal Plain from Alabama to New Jersey. 
The Miocene Foraminifera are not susceptible of so definite a dividon 
into faunas as the Pliocene Foraminifera. The spedes of the Maryland 
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and Virginia region are either identical with or allied to species now 
occurring in comparatively shallow water in the same general region. 


R. W. Stons. 


MYCOLOGY . — Rhtzockmia %n lawns and pastures. C. V. Pipbr and 
H. S. Cob. Phytopathology 9 : 89-92. February, 1919. 

Brown patches in fine turf have long been known, and, as they com- 
monly occur in midsummer, have usually been ascribed to ‘*sim scald.” 
Observation of the spots as they occurred in 1914 near Philadelphia 
furnished strong evidence that the cause was an organism, but the 
pathologists who studied specimens failed to disclose the causal agent. 
The abundant occurrence of the trouble in the vicinity of Washington 
in 1916 and since gave opportunity for study. The brown spots usually 
appear in summer with the advent of hot moist weather and are most 
conveniently studied on well-kept turf. The spots are at first small, 
but increase rapidly in a concentric fashion, reaching a definite size 
varying from a few indies to 2 or 3 feet in diameter, and then cease 
spreading. In the early morning a fine white mycelium may be ob- 
served over the discolored turf. Cultures from this as well as from 
sderotia on the stems proved the fungus to be the well-known Khiz- 
odonta solam. From artifidal culture it was easy to induce the forma- 
tion of brown patches in grass turf imder favorable weather conditions. 

The fungus is known to attack an enormous list of herbaceous plants, 
but strangely enough has never been reported as attacking any grass, 
although there is one record of the occurrence of the mature form of the 
fungus {Corhcum vagum) on maize. 

Rhizoctonia is, however, very common in lawns and pastures and has 
been observed by the authors in many places from Minnesota to Maine 
and southward to the Ohio and Potomac Rivers. Among the plants 
attacked are redtop, red fescue, Rhode Island bent, carpet bent, velvet 
bent, Kentucky bluegrass, rough-stalked meadow grass, as well as many 
lawn weeds. Crab-grass and Bermuda grass seem perfectly immune, 
as is also white dover. 

Most of the grasses slowly recover in the brown patches with the 
advent of cool weather in fall, but some are completely killed. Certain 
strains of carpet bent and velvet bent grown in pure cultures near 
Washington are espedally injured by the disease but others are com- 
pletdy immune. Spraying at intervals with Bordeaux mixture helps 
protect the grass turf, but such applications need to be frequent. 

C. V. P. 



SCIENTIFIC NOTES AND NEWS 

Dr. H. PosTSR Bain reagned from the Bureau of Mines in May, and 
niil sail from Vancouver on June 12 to continue his e^lorations in 
China for New York mining interests. 

Professor Joseph Barrbi,i., professor of structural geol(^ at Yale 
Univertity, and a nonresident member of the Academy, died on May 
4, 1919, in his fiftieth year. Professor Barrell was bom at New Provi- 
dence, New Jers^, December 15, 1869. His early work was in mining 
engineering and in the geologic^ department of Lehigh University, 
following which he entered tiie geological faculty of Yale in 1903. 
Taking up geolc^ from the view-point of the engineer, he made many 
contributions to the sdence in the fields of structural geology, meta- 
morphism, petrology of the igneous and metamorphic rocks, and sedi- 
mentation and peneplanation in their rdation to the larger problems 
of the movements of the earth’s cmst. 

Lieut. Col. Alpred H. Brooks, geologist in charge of Aladcan Mineral 
Resources, U. S. Geological Survey, who has b^ with the American 
Army in France ance the summer of 1917, returned to Wadimgton 
on April 28. He has received his discharge from the Army and is 
again taking up his geological work with the Survey. 

Dr. J. Walter Fewkes, chief of the Bureau of American Ethnology, 
returned in April from a viat to Texas, where he inaugurated explora- 
tions of aboriginal workshops and vifiage sites near Austin, Round 
Rock, and Gatesville. The work is being continued by Prof. J. E. 
Pearce of the Uuiversit}’' of Texas. 

Mr. James M. Hnx, Jr., is on leave of absence from the Geological 
Survey. He sailed from New Orleans early in April and is a memto of 
a party engaged in prospecting for platinum in Colombia. 

Dr. Walter Hough left Washington in May for Arizona, to conduct 
ethnological and archeological explorations in the White Mountain 
Apache Reservation for the Bureau of American Ethnology. 

hir. Charles M. Hoy, of the National Museum, left Washington on 
April 28 for Australia, to collect animals and other biological material 
for the Museum. 

Mr. Neil M. Judd left Washington on May 14 for Utah, to make an 
ardheologic reconnaissance of the Paria plateau, near the Grand Canyon 
of the Colorado. 

Dr. J. C. Martin, assistant curator in the division of economic 
geology of the National Museum, resigned in May to accept a position 
with tiie Geological Smvey. 
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Mr. Ea3eii, V. Shannon has been appointed Assistant Curator in the 
Department of Geology of the National Museum. 

Capt. D, D. Williams, formerly of the Chemical Warfare Service, 
and stationed at the American University Experiment Station, is now 
in Utica, New York. 

Major 0 . B. Zimmerman, formerly liaison officer between the Army 
Engineer Corps and the Bureau of Standards, is now with the Inter- 
national Harvester Company in Chicago. 

ORGANIZATION OE THE NATIONAL RESEARCH COUNCIL 
(Figures in parenthesis indicate term of office) 

Chairman of the Council: James R. Angeel. 

DIVISION OF PHYSICAL SCIENCES 

Chairman: C. E. Mendenhall; Representatives of American Astro- 
nomical Society: W. W. Campbell (2), H. N. Russell (i), Joel 
Stebbins (3); American Physical -Society: H. A. Bumstead (i), 
William Duane (2), Irving Langmuir (2), Ernest Merritt (3), 
R. A. Millikan (i), E. B. Wilson (3) ; Atnerican Mccthematical Society: 
E. W. Brown (i), L. E. Dickson (3), H. S. White (2) ; Members at large 
(nominated by the Diviaon): J. S. Ames (2), L. A. Bauer (3), Wil- 
liam Bowie (2), Henry Crew (i), C. F. Marvin (i). Max Mason 
( 3), M. I. PuPDJ (i), S. W. Stratton (2), A. Trowtbridge (3). 

division of engineering 

Chairman: Henry M. Howe; Vice-Chairman: Galen H. Clev- 
enger; American Society of Mechanical Engineers: Arthur M. Greene 
(3), W. F. M. Goss (i), D, S. Jacobus (2) ; American Institute of Elec- 
trical Engineers: Comfort A. Adams (2), F. B. Jewett (3), W. R. 
Whitney (i); American Institute of Mining Engineers: Hennbn 
Jennings (2), Philip N. Moore (i), Joseph W. Richards (3); Ameri- 
can Society of Civil Engineers: Anson Marston (3), H. H. PoRTER 
(i), George S. Webster (2); American Society for Testing Materials^ 
A. A. Stevenson (i); American Society of Illuminating Engineers: 
Edward P. Hyde (2); Western Society of Engineers: Arthur N. 
Talbot (3) ; Society of Automotive Engineers: Charles F. Kettering 

(1) ; Members at large: Henry M. Howe (i), Galen H. Clevenger 

(2) , Edward Dean Adams (3), John J. C^ty (2), Gano Dunn (2), 
Van H. Manning (2), Charles F. Rand (i), E. G. Spilsbury (i), 
Bradley Stoughton (3), S. W. Stratton (3), Ambrose Swasby (i), 
William R. Walker (3). 

DIVISION OF chemistry AND CHEMICAL TECHNOLOGY 
Chairman: W. D. Bancroft; Vice Chairman: Julius Stibglitz; 
American Chemical Society: C. L. Alsbbrg (i), W. D. Bancroft (i), 
C. G. Derick (i), J. M. Francis (3), E. C. Fb^nklin (2), W. F. HaLB- 
brand (3), John Johnston (2), Julius SriSGLirz (3), J. E. Teeplb 
(2); American Electrochemical Society: Comn G. Fdik (3); American 
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Institute of Chemical Engineers: Hugh K. Moore (i); American 
Ceramic Society: Ai^bert V. BlEininger (2) ; Members at large: C. H. 
Herty (3), G. A. Hulett (3), A. B. Lamb (2), A. A. Noyes (i), C. L. 
Parsons (2), E, W. Washburn (i). 

DIVISION OP GEOEOGY AND GEOGRAPHY 

Vice Ckairfnan: E. B. Mathews; Association of American Geog- 
raphers: W. M. Davis (2), N. M. Fenneman (3), J. Russei^u Smuph 
( i); American Geographical Society: Isaiah Bowman (2); Geological 
Society of America: J. M. Cearjse (2), Whitman Cross (3), R. A. 
Daey (2), H. E. Gregory (i), A. C. Lawson (3), C. K. Leith (i); 
Paleontological Society: T. Wayland Vaughan (i); National Geo- 
graphic Society: Gilbert Grosvenor (3) ; Members at large: Ralph 
Arnold (2), Eliot Blackwelder (3), A. H. Brooks (2), A, L. Day 
(3), Ellsworth Huntington (2), Douglas Johnson (i), E. B. 
Mathews (3), R. A. F. Penrose, Jr. (i), David White (i). 

division op biology and agriculture 

Chairman: C. E. McClung; Vice Chairman: L. R. Jones; Amer- 
ican Society of Agronomy: Charles V. Piper (3) ; American Society 
of Bacteriologists: Samuel C. Prescott (i); Botanical Society of 
America: William Crocber (2), A. S. Hitchcock (i), L. R. Jones 
(3); Ecological Society of America: W. M. WheelER (2); American 
Society of Economic Eniomologisis: P. J. Parrott (3); Society of 
American Foresters: Barrington Moore (3) ; American Genetics 
Association: G. N. Collins (i); American Society for Horticultural 
Science: U. P. Hedrick (i); American Phytopathological Society: 
G. R. Lyman (2); Society of American Zoologists: M. F. Guyer (2), 
F. R. Lilue (i), G. H. Parker (3); Members al large: I. W. Bailey 
( i), B. E. Li\tngston (3), C. E- McClung (i), C. F. Marbut (3)* 
A. G. Mayor (2), H. F. Moore (2), J. R. Murun (3), W. Osgood (2), 
A. F. Woods (i). 

Prof. J. C. J^rriam will be acting chairman of the Council until 
July I, 1919. Major A. O. LeuschnER is acting chairman of the Divi- 
aon of Physical Saences until July i, during the absence of Dr. C. E* 
Mendenhall as Scientific Attach^ to the American Embassy in Lon- 
don. Mr. G. H- Clevenger is acting chairman of the Division of 
Engineering during the absence of Dr. H. M. HowE as Sdentific At- 
tech^ to the American Embas^ in Paris. Prof. E. W. Washburn 
is acting diairman of the Division of Chemistry and* Chemical Tech- 
nology until July i, during the period of Col. W. D. Bancroft’s service 
with the Army, No chairman has been dected for the Division of 
Geology and Geography. The organization of the Division of Medical 
Sdences and the Division of Anthropology and Psychology has not yet 
^been completed. 
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ANTHROPOLOGY . — Two proto-Algonquian phonetic shifts. 

Truman Michelson, Bureau of American Ethnology.^ 

The followiug paper will eventually appear in daborated form 
in the Intematioital Journal of American Linguistics, so that this 
presentation is to be regarded as an abstract. Hence it is that 
the proofs are given concisely, and certain unimportant details 
are passed over. 

Some years ago* I pointed out that in Pox the interchange of 
-aw- and -0- was of regular occurrence. At the time it escaped 
me that -aw- and -5- also interchanged; and that whether -5- 
or -Or interchanged with -aw- was dependent on the particular 
consonants that immediatdy followed. Examples are: cCwapi- 
vMA.'mawaAt(?' “then he b^:an telling them,” kewitAmdn’^ “I tell 
thee,” “he will tell me,” nem^tciwitAma'gunan’"' 

“he told us (excl.) plainly;” petse'tawin"** “listen thou to me,” 
ki‘pe''seton”‘ “I shall Usten to thee,” m‘pe‘setSL^^' “he will 
listen to me;” a'tota'wiyAn”'’' “the way you (sing.) treated me,” 
a'td'tonan*" “the way I treated you (sing.),” a'td'taguHif' 
“the way he was treated by;” a‘pdnine'‘kaiwaH<f “then he ceased 
pursuing them,” hn pemi'ne'kdn*’’ “I shall pursue thee," 
“he was pursued,” Aca'Ani pemi'ne'kagf"'^' “he 
was pursued by the Sioux;” kene’ckina'wipen^' “you hate us,” 
kene'ckino'n”‘' “I hate thee,” “they hate thee;” 

kl'pyatawip^' “you will btit^ it to me,” kepyatdnep'"*-' “I 
bring it to you,” a'pyatoHc*' “when he brings it,” pyatSP’ “if 
he brings it," kVpyatdgd^*' “they will bring it to thee;” 

* Ptiated with pennission of the Secretaiy of the ^oithsomaii lusUtutioa. 

> Hus JoctBNAi, 4: 403, 404. 1914. 
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keneno'tawi “dost thou understand me,” cavita neno'to'nAgu's^ 
“he might not understand us (incl.),” keneno'ion”‘' “I under- 
stand thee,” keiienoHag*^^' “he understands thee;” keneno'taMpen”'' 
“we (ind.) understand each other;” a'nmno'''kawiiHc' “then 
many attacked him” [really an independent passive in 
formation], a'mand''kdguHc^ “then he was attacked by many;” 
keteminawdf' “if he takes pity on him,” keteminawi “take pity 
on him,” kete>mnd'imgo'“‘' “I take pity on you,” ketemin&k*' 
“he takes pity on thee,” iienVcwiketmnind'gopm’^' “we (exd.) 
are both pitied.” From the above it follows that -aw- appears 
as -0- before -n-, -t-, [in final syllables], -^tc-, as -a- before 
-g-, -t- [normally], -'s-. I have evidence to diow that -aw- also 
has the same shifts before the same consonants (or their phonetic 
correspondents) in Cree, Sauk, Kickapoo, Shawnee, Ojibwa, 
Potawatomi, Ottawa, Algohkin, Peoria, Delaware, Penobscot, 
and Passamoquoddy. Hence it is quite certain that these shifts 
took place in tiie Algonquian parent language. I call attention to 
the fact that this is the first time in the history of American lin- 
guistics that phonetic shifts in the parent language of any Amer- 
ican linguistic stock have been pointed out. 

I have previously shown that n (or its phonetic equivalent) 
changes to c (or its phonetic equivalent) before i which is the ini- 
tial sound of a new morphological unit in Sauk, Fox, Kidcapoo, 
Shawnee, Menomini, Ojibwa, Algonkin, and Peoria. The change 
of 5 to c under the same conditions occurs in Sauk, Fox, Kidrapoo, 
and Ojibwa. The interdiange of d and a is found in Sauk, Fox, 
Kickapoo, Shawnee, and Peoria. Further researches may show 
that these shifts occur in other Algonquian languages also, and so 
perhaps may likewise be referred to the Algonquian parent lan- 
guage. The contraction of -ruA- to -o- occurs in a number of 
Algonquian languages, but the evidence of Cree is unfavorable 
to the theory that this particular duft is to be ascribed to the 
Algonquian parent language. As the shift occurs in languages 
which are geographically all contiguous it is possible the shift 
has simply spread, so as to be practically pan-Algonquian rather 
than proto-Algonquian.® 

* See this Journai, 4: 402. 1914; Amer. Anthn^ol. n. ser. 15: 470. 1913; Inter- 
flat. Jourxu Axner. 14 ng. i: 1917. 



AUSTIN: COIL ANTENNAS 


335 


EADIOTELEGRAPHY . — Quantitative experiments with coil an- 
tennas in radiotelegraphy. L. W. Austin, U. S. Naval 
Radio Laboratoiy. 

The use of large inductance coils for sending, receiving, and 
direction determination was first proposed by the late Professor 
Braun, ^ who carried out experiments at Strassburg on signals 
from the Eiffel Tower and gave the general theory of a coil used 
as an antenna.^ 

Received current measurements, such as the laboratory made 
some years ago for the verification of the theory of transmission 
between ordinary antennas, have now been made for dosed 
coils. According to the theory, a rectangular vertical coil of 
N toms, height H and length L, is equivalent to two vertical 
antennas of dfective height NH at a distance apart L, with their 
respective currents in opposite phase. Taking into accotmt 
the phase difference due to the difference in path, either in sending 
to a point p, or in receiving from p, the effect wiH be the same 
as that of one antenna of hdght NH multiplied by the phase 
L 

difference ax— cos 6 where 6 is the angle between the plane of 

A 

the cdl and the direction of p.^ 

Now, the ^pression for the recdved current in a recdving 
antenna, with an antenna sending sustained waves, is, disre- 
garding absorption:^ 

■f' = 

where I, is the sending antenna current, hg the effective height 
of the sending antenna, hr that of the receiving antenna, X the 
wavelength, d the distance, and R the receiving antenna resis- 
tance, expressed in amperes, ohms, and meters. If either or 
both of ^e antennas is replaced by a coil, we must replace its 

^ Braxjn, F. Jahrb, Draht Telegr. 8: 1-132, 1914. 

> Mr. of the Btireau of Standards, has devdoped an excdlent direction 

finder on this principle. 

» ZnNNncx. Wirdess Telegraphy, 1915. p. 234 and note 307» p. 425. 
^Zbnnbcs. Wirdess Tdegraphy. 1915. p. 248; Bpr. Stand. Bnll. 11:70. 

1914- 
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tdglit by NH2ir cos 6 where NH is the height of the coil times 

the ntunber of turns, and we find for a 

Coil Sending and Antenna Receiving 

_ Ls ^ K 

= 2369 — cos e. 

In the same way for an 

Antenna Sending and Coil Receiving 

Ir ^ 2369 COSBr 


and for 


Coil Sending and Coil Recdving” 


J, = 14880 


X»dR 


cos 9 , cos 9 ,. 


(2) 


(3) 


(4) 


The effective height A of an ordinary antenna equivalent to 

any coil NH may be expressed if fl = u, by 

, NHL area X turns , . 

it = 2r -y- = 2 X ^ • (5) 

The equations show that, other things being equal, if an antenna 
be used, both for soiding and receiving, the received current falls 
off as the wave length, while if one coil be used, it falls off as the 
square of the wave length, and with two coils as the cube of the 
wave length. 

The value of the constant in the equation for a sending coil 
requires some conaderation. The value given assumes that as 
the radiated fidd grounds itself, it takes the form of a fidd 
farmed by the coil and its image as in the case of an antenna. 
This is probably true, at least for a coil whose dimensions are 
large compared with its distance from the ground. In the case 
of reception, this question does not enter. 

B Br. ’DmjiMCiSSBi, of the Btureau of Standards, has published coil formulas in 
practical units with slightly different constants in a confidential report for the 
Signal Corps, Hadio Tiransniission Fotmulas, July 1917. 



AUSTIN: con, ANTENNAS 


337 


Signals from Arlington have been measured at the laboratory 
on two coils. One was a crossed coil direction finder mounted 
on the roof of one of the buildings, having 56 dosely wound 
turns, a hdght of 1.82 meters and a length measured between 
the planes of the front and back vertical sections of 1.29 meters. 
The second coil supported from masts, had 7 turns 80 cm. apart 
and measured 21.6 X 24.4 meters, 6 being 42®. The results are 
shown in tables i and 2. 


TABLE I 

Asunoton Arc Rrcbivsd at Laboratory on Dirsctiqn Einbbr 


X 

Received Current 

Amp. 


Per cent 
Difference 

Meters 

Observed 

Calculated 

Difference 

6000 

208.0 *10“® 

157 5 -10“* 

50-5 

24 

7500 

I28.I*I0’^ 

100.8 

27.3 

21 

lOOOO 

67.5-I0‘”« 

S6 7 

10 8 

16 

Is ~ 100 amp. 

iV = 56 

Ir “ I 29 m. 

d = 0® 


hs » 71 m. 

iff = 1.82 m. 

= 50 ohms 

d = 7800 m. 


TABLE 2 



Akwngxon Arc lUcifrvBD at I^aboratory on I<args Com 

X 

Received Curreot 

Amp 


Per cent 
Difference 

Meters 

Observed 

Calculate 

Difference 

4000 

8.78-10“® 

7.38-10“* 

1.40 

16 

6000 

3.71 

3.28 

0,43 

12 

7500 

2.26 

2.10 

0.16 

7 

10000 

1.23 

I.l8 

0.05 

4 

Is — 100 amp. 

N ^7 

L =^24.4 m. 

^ = 42® 


ks « 71 m. 

H = 21.6 m. 

— 50 ohms 

d = 7800 m. 



TABLE 3 



l^ARGR Com AT Laboratory Rbc^ivi^d on Antrnna at Arwngton 

X 

Received Cturent 

Amp. 



Meters 

Observed 

Calculated 

Difference 

Difference 

2800 

147,8 -lO"® 

150.8-10“* 

— 3-0 

2 

4890 

50.5 

49-5 

I.O 

2 

Is ^ 1 amp. 

iV = 7 

L « 24.41m 

^ = 42® 


^ « 71 m. 

H 21.6 m. 

jR «= 50 ohms 

d » 7800 m. 


Table 3 diows the current received on the antenna at Ar- 
lington from the large coil at the laboratory exdted by a coupled- 
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btilb circuit. The received currents in all three cases were mea- 
sured with shunted detectors and galvanometers,® calibrated and 
tested for proportionality between deflection and current squared 
in each experiment. 

In each of the tables, for the sake of comparison, the results 
are reduced to a common value of sending current and a common 
receiving resistance. 

The observed values in tables i and 2 are seen to be uniformly 
larger than the calculated. This is supposed to be due to an 
action of the coil as an antenna since an increase in the length of 

TABLE 4 


CoMPASisoN OP Amtsnnas AND Cons 


X 

(Meters) 


Equivalent Eff^ive Antenna Height 
(Meters) 


10 

20 

30 

40 

50 

200 

319 

Coil Art 
637 

a X Turns 0 
956 

VIeters) 


500 

796 

1592 

2388 

3184 

3980 

1000 

1592 

3184 

4776 

6370 

7960 

2000 

3185 

6370 

9552 

12740 

15920 

3 CX )0 

4776 

9552 

14280 

19100 

23880 

5000 

7960 

15920 

23880 

31840 

39800 

7000 

II 140 

22280 

33450 

44580 

55760 

10000 

15920 

31840 

47760 

63700 

79600 

12000 

I9IIO 

38230 

57330 

76440 

95520 

15000 

23880 

47760 

71640 

95520 

I 19400 

20000 

31840 

63780 

95520 

127400 

159200 


the leads increases this difference. When the lower side of the 
<xm1 is on or close to the ground, there is also an effect due to 
radio frequency earth currents jtBt as in the case of the ground 
antenna. Ihe reason for the increased error at the shorter wave 
lenghts is not yet dear: The agreement of observed and cal- 
culated values in the case of the ccal sending (table 3) is all 
that could be desired. Trom this, sending from a coil and re- 
■ This JoiiKNAi, 8: 569. 1918. 
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cdving on an antenna, seems to offer the most accurate method 
for determining antenna effective height.^ 

Table 4 gives the effective heights of antennas which are 
equivalent either for sending or receiving to coils of various area 
turns, calculated from equation 5. 

The observations in this paper have been taken for the most 
part by W. B. Grimes, Chief Electrician (Radio), assistant in the 
laboratory. 

7 In experiments of this kind incorrect results may be obtained, if observations are 
made too near the natural wave length of the coil, as in the case the current distri- 
bution is no longer uniform on account of the*effect of the distributed capacity. 
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ANTHROPOI/OGY. — Seneca fiction, legends, and myths. Collected by 
JiSKEMiAH CuRTCN and J. N. B. Hbwitt. Paper accompanying 
the 32d Annual Report of the Bureau of American Ethnology. 
Pp. 36“ 83. 1918. 

This paper consists of 58 stories classified as “fiction/* 21 legends, 
14 traditions, 4 tales, 9 myths, and i note on native medicine collected 
from the Seneca Indians on the Cattaragus reservation in 1883, 1886, 
and 1887 by the late Jeremiah Curtin; 31 legends and myths of much 
greater average length obtained by Mr. J. N. B. Hewitt of the Bureau 
of American Ethnology in the autumn of 1896, the last three accom- 
panied by native Seneca texts; 23 pages of notes; and a short but im- 
portant interpretative introduction of 29 pages. In this last Mr. 
Hewitt gives a history of the Seneca tribe, describes and explains the 
material in general terms, laying stress upon the importance of dis- 
tinguishing true myths and li^ends from popular and even indecent 
tales not confined by any means to primitive peoples; attempts and 
outline of Mr. Curtin’s views regarding primitive mjdhology; and 
condudes with a short but interesting exposition of his own opinions 
upon that subject. J. R. Swanton. 

ELECTRICITY . — Electrical charactensttcs attd testing of dry cells. 
Bur. Stand- Circ. No. 79. Pp. 44. 1919. 

This circular summarizes the available information on dry cells. A 
brief description of the materials and methods of construction, and 
elementary theory of the operation of the cells is given. The various 
rizes and kinds of dry cdls on the American market are described. 
The electrical characteristics of the cdls and methods of testing them 
are discussed. In an appendix are given the proposed specifications 
for dry (xSls which have been prepared by the Bureau. 

G. W. VjNAI<, 
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METALI/URGY. — Conservation of tin in bearing metals, bronzes, and 
solders. G. K. Btjrgbss and R. W. Woodward. Bur. Stand. 
Tech. Paper No. 109. Pp. 9. 1918. 

This paper gives practical suggestions for the conservation of tin in 
bearing metals, bronzes, and solders; much of the data having been 
obtained from questionnaires sent to representative manufacturers and 
users of the above named alloys. Tables are given showing the chemical 
compoation and ph3rsical properties of many of the suggested alloys 
and also for service tests of genuine babbitt and a high lead bearing 
metal. Tentative recommendations fcnr standard grades of bearing 
metal are also induded. 

Proper solders for various industrial uses are recommended and a new 
solder consisting of a preponderance of lead with stunll amounts of 
tin and cadmium is described. R. W. W. 

PHYSICS. — Preliminary determination of ike tkermal expansion of 
molybdenum. Tixjyd W. Schad and Pbtbr Hidnbrt. Bur. 
Stand. Sd. Paper No. 332. Pp. 9. 1919. 

The thermal e:q>ansion of an exceptionally pmre specimen of molyb- 
denum (99.85 per cent) was determined from — 142® to +305® C. A 
diort description of the apparatus and of the method used in obtainiig 
high and low temperatures is given. 

The results are diown in the form of tabl^, from whidi were com- 
puted, by the method of least squares, the following two empirical 
equations which satisfy the observations: 

L, = Lo(i + 5.15 « X io~* + 0.00570 X io“*) and 

it = Lo (i + 5.01 t X io~* - 1 - 0.00138 t* X io“*) 
where Lt is the length of the specimen at any temperature t within 
the proper range; in the first case +39® to — 142® C, and in the second 
case -f 19® to +305® C. The probable error of the length computed 
from these equations is less than 3 X io“® per unit length. P. H. 

OPTICS. — Optical conditions accompanying the striae which appear as 
imperfections in optical glass. A. A. Michbi^son. Bur. Stand. 
Sd. Paper No. 333. Pp. 5. 1919. 

Striae are conveniently divided into two dasses; first those whidi 
appear as isolated bright streaks; second, those in which sudi streaks are 
numerous, forming bright irregularly continuous bands. Optical in- 
vestigation with two fmms of interferometers diow that the fbrmo' 
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are due to laminae of smaller index and of thickness of the order of a 
hundredth of a millimeter. They do not seriously affect the optical 
qualities of lenses or prisms. The second class of striae in general does 
not affect the optical performance; but, in the case of lenses and 
plane paralld plates, etc., in which the light traverses the striae at 
approxiniatdy normal incidence, the performance may be quite as good 
as with a perfect specimen. A. A. M. 

TECHNOLOGY . — The table of unit^ displacement of commodities. 

Bur. Stand. Cure. No. 77. Pp. 67.. 1919. 

This circular showing (i) the number of pounds per cubic foot as 
packed for shipment, (2) the number of cubic feet of space required for a 
short ton, (3) the number of cubic feet of space required for a long ton, 
and (4) the manner in which the material is padeed, lists several hundred 
commercial commodities alphabetically. Appendixes give special 
information concerning automobiles, canned f^ts and v^etables, and 
fresh fruits and vegetables. 

This table has been prepared to meet an immediate demand for such 
information and will be revised and augmented from time to time as 
further data are obtained. The Bureau will, therefore, be pleased to 
receive information, criticisms, and suggestions from those interested 
in the table. H. M. RoESER. 

TECHNOLOGY . — Solders for aluminum. Bur. Stand. Circ. No. 

78. Pp. 9, pis. 2. 1919. 

The use, serviceability, method of application, and composition of 
solders for aluminum are discussed in tiie light of special tests made 
at the Bureau of Standards on commercial and other compositions of 
solders. All soldered joints are subject to rapid corrosion and disinte- 
gration and are not recommended except where protection from cor- 
rosion is provided. Suitable compositions for solders are obtained 
by the use of tin with the addition of zinc or both zinc and aluminum 
within wide percentage limits. Solders are best applied without a 
flux. The higher the temperature at which the “tinning** is done, 
the better the adhesion of the tinned layer. A perfect union between 
solder and aluminum is very dfficult to obtain, but the joint between 
previoudy tinned surfaces may be made by ordinary methods and with 
ordinary soft solder. Only the tinning mixture need be special. Tables 
of the composition of many solders are given. J. F. MEyER- 
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TECHNOLOGY. — Tests of hollow building tiles. Bernard D. ELath- 
cocK and Edward Skillman. Biar. Stand. Tech. Paper No. 
120. Pp. 29. 1919. 

These tests were made upon the types and sizes of tiles most commonly 
used in practice, and were carried out with the idea of stud3dng their 
strengths and the relations existing between their various properties, 
especial l y those introduced by the kinds of cla3rs used, the method of 
manufacture, and the positions in which they are laid. The principal 
tests discussed are those of compression and absorption which together 
total approximately 250. Strain readings were taken upon some with 
an 8-inch Berry strain gage for moduli determinations. The testing 
madiines used were of the Olsen Universal type. 

The results obtained show the loads at incipient failures, the maxi- 
mum compressive strengths, and the moduli of elasticity of the various 
types and size of the tiles tested on end, on edge, and flat. Relation- 
ships are established between the moduli of ^asticity and the com- 
pressive strengths, the colors of the tiles and their compressive strengths, 
the colors of the tiles and their moduli of elasticity, the percentages 
of absorption and the compressive strengths, and the percentages of 
absorption and the colors of the tiles. B. D. H. 

MAMMALOGY. — East African mammals in the United Staies Na- 
tional Museum. Part 2. Rodentia, Lagomorpha, and Tubuli- 
dentata. N. Hoddistbr. U. S. Nat. Mus. Bull. 99, part 2. 
Pp. i— X, 1-184, pis. 1-44, fig. I. May 16, 1919. 

This second volume of a report on the mammals from Eastern Equa- 
torial Africa contained in the collections of the National Museum 
lists 4,863 specimens of rodents, hares, and aardvarks, all but 100 of 
which were collected by the Smithsonian African Expedition, under the 
direction of the late Col. Theodore Roosevelt, 1909-10, and by the Paul 
J. Rainey African Expedition, 1911-12. The richness of the National 
Museum collection of East African mammals is wdl illustrated by the 
fact that in the two parts of this work so far published, dealing only 
with six orders of mammals, are listed 6,696 specimens, including 142 
types; representing 349 valid species and subspecies. The plan of 
arrangement of the text adopted in the first volume has been followed 
throughout, and the geographical limits are the same. A list of all 
localities with index references to an accompanying map; generic and 
specific synonymies; type localities and location of t3q)e specimens; 
critical notes on distribution, habits, nomenclature, and taxonomy; 
lists of stations where each form was collected; and full tables of 
measurements of specimens are included- The skulls of all type speci- 
mens are figured natural size. It is hoped that a third volume, contain- 
ing reports on the primates and the several orders of ungulate mammals, 
may complete the series. N. BL 



PROCEEDINGS OE THE ACADEMY AND AEEIDIATED 

SOCIETIES 

WASHINGTON ACADEMY OP SCIENCES. 

The 127th meeting of the Academy was held in the Assembly Hall 
of the Interior Department the evening of Friday, June 7, 1918, the 
occarion being an address by Professor Wmi/iau S. FaA2;nb,iN, of the 
Department of Phyrics, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts, entitled Some needed lines of resear^ in me- 
teorology. This address, which wah informally discussed by Messrs. 
C. F. MLahvin and W. J. Humphreys, has since been publi^ed in the 
Monthly Weather Review for October, 1918 (46: 449-453. 1919), 
under the title, A muck needed change of emphasis in meteorological re- 
search. 

The 128th meeting of the Academy was hdd jointly with the Chem- 
ical Society of Washington at the Administration Building of the 
Came^e Institution of Wariiing^n, the evening of Hiursday, Janu- 
ary 9, 1919. Dr. F. B. Power, retiring Preadent of the Chemical 
Society, d^vered an illustrated address on The distribution and char- 
acter of some of dte odorous principles of planis. This lecture has sub- 
sequently been publiriied in the Joumd of Industrial and Engineering 
Chemistry (ii: 344-352. April, 1919). 

The i29fh meeting d the Academy, the twenty-first Annual Meet- 
ing, was hdd at the Administration Building of the Carnegie Institu- 
tion of Washington, the evening of Tuesday, January 14,' 1919, with 
Preadent Eyman J. Briggs in the diair. The minutes of the last 
annual meeting were read and approved. 

The Conesponding Secretary, Dr. R. B. Sosman, reported that the 
membership on January i, 19x9, conasted of 6 honorary members, 
4 patrons, and 506 memb^, one of whom was a life member. The 
total memberdiip was 516, of whom 315 resided in or near the District 
of Columlna, 193 in otiier parts of ^e United States and in Canada, 
and 8 in foreign countries. The net gain for the year was 37. During 
the year the Academy lost by death 8 memb^: Henry Adams, 
March 27, 1918; Frank Baker, September 30, 1918; Grove Karu 
Gii3BRT, May i, 1918; John Harhsr Long, June 14, 1918; William 
BaWlb Phillips, June 7, 19x8; Richard RaIhbun, July x6, 19x8; 
Charles Richard Van Hise, November 19, 19x8; and Henry Shaler 
Williams, July 31, 1918. The Board of Manag^ hdd 12 meetings 
during the year. The prindpal matters of general interest acted on by 
the Board have bemi report^ in the Journal. Among these matters 
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of general interest was the adoption by the Board of a definite limit 
of resident membership based upon the scientific population of Wash- 
ington as recorded in the “Red Book'* of the Ac^emy. The mem- 
b^ship is limited by this action to twenty per cent of the scientific 
population, or one in five. This, it is b^eved, will give additional 
emphasis to the fact that the Academy recognizes, by election to its mem- 
bership, original research and scientific or engineering attainment. 
The Committee on Membership has given a great deal of time and care 
to the selection of candidates during the past year, and it is fitting 
that this public acknowledgement should be made of the Academy's 
indebtedness to that committee. 

The Correspon<fing Secretaty’s report then reviewed briefly the ob- 
jects of the Academy, as stated in its articles of incorporation, comparing 
these objects with the accomplishments of recent years. 

The Recording Secretary reported upon the ten public addresses 
given under the auspices of the Academy during the year, most of which 
had been published in full in the JouRNAi#. The lecture by Professor 
Fridtjop Nansen, entitled Changes in oceanic and atmospheric tem- 
peratures and their relation to changes in the sun*s activity was published 
in the Journai^ as an author's abstract (8: 135-138. March 4, 1918). 

The Treasxurer, Mr. R. T, Paris, submitted a report covering the last 
four months of the year, a report for the period from January i to 
August 31, 1918, having been submitted by his predecessor. Major 
Wnr^iAM Bowie. A recapitulation for the year showed total receipts, 
$6,594.76; total disbiursements, $9,168.18, including $2,500.00 ex- 
pended for Tiberfy Bonds; cash bailee on hand Dec. 31, 1918, $411.39. 
The Auditing Committee, consisting of Messrs. C. N. Fenner, J. A. 
Fleming, and G. N. Collins, reported that the statement of the 
Treasurer was in full agreement with the accounts and with the se- 
curities on deposit. 

Dr. A. Knopf read the report of the Board of Editors. 

The report of the tellers, Messrs. E. G. ZiES, P. Wenner, and Robert 
B. SosMAN, was read by the Corre^onding Secretary. The tellers 
reported that the mail baflot had result^ in the election of the following 
officers for 1919: President, F. E. Ransome; Corresponding Secretary^ 
Robert B. Sosman; Recording Secretary, William R, Maxon; Treasurer, 
R. E- Paris; Non-residerU Vice-Presidents, C. K. Eeith and J. A. Bras- 
hear; Members of Board of Managers, Class of igz2, C. G. Abbot and 
W. F. Hillebrand. 

The following Resident Vice-Presidents nominated by the afiSliated 
Sodeties were then dected: Anthropological Society, George M. 
Kober; Archeological Society, AlE§ Hrdli&sa; Biological Society, 
Hugh M. Smith; Botanical Society, Walter T. Swingle; Chemical 
Society, Atherton Seidell; Electrical Engineers Society, P. G. Agnew; 
Society of Engineers, Morris Hacker; Entomological Society, S. A. 
Rohwer; Society of American Foresters, Raphael Zon; Geobgical 
Society, F. H. Knowlton; Historical Society, AllEN C. Clark; M^ical 
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Society t Wili^iam Gbkry Morgan; Philosophical Society ^ W. J. Hxjm- 
PHRKYS. The National Geographic Society had nominated no Vice- 
President. 

The newly-elected President, Dr. P. T. Ransomi®, then took the chair 
and the retiring il^esident, Dr. Lyman J. Briggs, delivered an address 
entitled, The resistance of the air, TWs will be published in a later 
number of the Journai,. 

The 130th meeting of the Academy was hdd in the Assembly HaU of 
the Cosmos Club, the evening of Thursday, January 30, 1919, the 
occasion being an illustrated lecture by Major P. R. Moulton, U. S. A., 
on The duration of the stars. Beginning with illustrations showing the 
principal observatories of the United States and the apparatus by which 
solar and stellar phenomena have been studied and photographed, 
the lecturer showed photographs of the moon and of the sun, the one 
an example of a completely dead world, the other an example of a world 
which is giving off great quantities of energy and is very far from a 
state of equilibrium. The source of the sun’s energy was discussed 
and shown to be a result neither of chemical reactions nor of the energy 
released by the contraction of an aggregate of particles. The latter 
source would permit the sun a life of at most a few million years, whereas 
geological and biological evidence demand periods of one himdred 
million years or more. The source of the sun’s energy and its probable 
life cannot at present be estimated. 

After showing diagrams illustrating the rdative size of the moon, 
earth and sun, and the relative size of the orbits of the planets as com- 
pared with the distances of the so-called jSxed stars, the lecturer passed 
to a consideration of the probable life of those stars. The problem of 
the life of star clusters is one that can be dealt with mathematically, 
md the lecturer calculated the probable period that must have elapsed 
in order that a more or less heterogeneous collection of stars might, 
by their mutual gravitation, be brought into the form now found in 
many of the recognized clusters. In view of the immense distances 
involved in the dimensions of these clusters, it follows that even a 
single passage of one star from one side to another of such an aggregate 
would take a million years; and the total time necessary to form the 
aggregate as it is now seen must be of the order of several thousand 
million years. 

An interesting digression at this point covered some of the lecturer’s 
work during the war, on the trajectories of projectiles and the best 
form of projectiles to obtain maximum range. The problems involved 
in this work were mathematical problems, in many wa3rs stTnilar to the 
mathematical problems of the astronomer with which the speaker had 
just been d ealing , and he showed in a very practical way the wide 
applicability of mathematics as a working tool whether in the hands of 
the scientist or the engineer. 

The lecturer finafly considered the possible structure and location of 
certain nebulae whi^ have been made the subject of much study in 
recent years. These may be distant galaxies equal in magnitude to the 
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galaxy of which the sun is a member. As the age of star dusters, as 
clusters, within our own galaxy may be measured in thousands of mil- 
lions of years, it may become possible to estimate the age of the galaxy 
itself in enormously magnified time units in the same sense in which 
we measure the distances of the stars in terms of light years rather than 
in terms of our usual standards of length. And, finally, we may pass 
from the contemplation of the age and extent of our gdaxy to that of 
the age and extent of these great aggregates of galaxies, or super-gal- 
axies, which are by no means beyond &e scope of the human mind. 

The 131st meeting of the Academy was held at the Assembly Hall of 
the Cosmos Club, the evening of Tuesday, February 18, 1919. Prof. 
Robert F. Griggs, of the Ohio State University, Director of the 
National Geographic Sodety Katmai Expeditions, delivered an ad- 
dress on Katmai and Hie Ten Thousand Smokes. The lecture, which 
was profusely illustrated by lantern slides, reviewed the more general 
features of this remarkable region, which have been made familiar 
through the very interesting series of illustrated artides published by 
the speaker in the National Geographic Magazine, and dealt also with 
some of the more technical aspects of the subject as discussed in several 
recent papers published in Volume 19 of the Ohio Journal of Sdence, 
under the titles. The recovery of vegetation at Kodiak (pp. 1-58), Are 
the Ten Thousand Smokes real volcanoes? (pp. 97-1 16), The great hot mud 
flow of the Valley of Ten Thousand Smokes (pp. 117-142), The character 
of the eruption as indicated by its effect on nearby vegetation (pp. 173-209). 

The i32d meeting of the Academy was held jointly with the Phil- 
osophical Sodety of Washington at the Assembly Hall of the Cosmos 
Club, the evening of Saturday, March 15, 1919. Dr. H. D. Curtis, 
of the Dick Observatory, Moimt Hamilton, California, delivered an 
illustrated address on Modern theories of the spiral nebulae. This lec- 
ture has subsequently been published in the Journal (9: 217-227. 
April 19, 1919). 

The 133rd meeting of the Academy was hdd at the Assembly Hall 
of the Cosmos Club, the evening of Thursday, March 20, 1919. Lieut. 
Col. John R. Muruin, U. S. A., Director of the Division of Food and 
Nutrition, Sanitary Corps, U. S. Army, delivered an illustrated address 
on Food efficiency in the United States Anny, “The United States, in 
conjunction with her Allies, has waged war effectivdy. Many people 
are concerned to know also whether the war has been conduct^ effi- 
ciently, which is a very different matter. It may be safely said that 
in one respect at least we have done far better than in any previous 
war, viz, in the nutritional care of the soldier. 

“Army regulations lay a dear responsibility for the character of the 
food and quality of the cooking upon the Medical Department. It 
has always been a routine matter of inspection by medical oflScers to 
pass upon the sanitation, induding the character of food and quality 
of cooking, of the mess. Feding this responsibility, in view of the 
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rapid espaoaon of the army Surgeon General William C. Gorgas or- 

E ' red in his office, in August, 1917, a Division of Food and Nutrition. 

continued as an independent division tmtil after the rigning of 
the armistice. This Division commissioned and trained 113 officers 
who made nutritional surveys of all the large camps in this countiy and 
40 of them were sent to Prance to be assigned one to each division of 
combatant troops as nutrition officers. Just before the signing of the 
armistice a request was received that all subsequent divisions should 
have nutrition officers assigned them from this side. After the nu- 
tritional surve3rs had been completed nutrition officers were stationed, 
one in each camp, to act as inspector and advisors on all food matters, 
chiefly on matters relating to the proper construction of menus and the 
proper use and conservation of food. In riiort, the function was what 
might be termed that of food engineers. 

“The nutritional surveys have shovm for the ffist time what is the 
actual average consumption of food by healthy soldiers kept at hard 
work throughout the training period. The average consumpticm for 
427 messes scattered throughout all the training camps in the United 
States and covering all periods of the year is 3633 calories per man per 
day, distributed as follows: 14 per cent protein, 31 per cent fat, and 
55 per cent carbohydrate. In addition to this the average soldier in 
something over 300 surveys has consumed 365 calories, wMch he piur- 
chased fr^ the canteen. This added to the consumption from the 
mess makes a total food consumption of 3998 calories. The surveys 
also ^owed for the first time a definite seasonal variation in food con- 
sumption. They showed likewise a progressive and consistent improve- 
ment in food conservation up to the signing of the armistice, at which 
time disdpline and morale suffered a distinct diminution resulting in 
greater waste of food. 

“In comparison with the garrison ration authorized in army regula- 
tions as the basis for the subsistence of one man for one day, the amount 
of food actually consumed leaves a margin of fully 20 per cent. The 
Division of Food and Nutrition recommended a reduction of this margin 
to 10 per cent, but the recommendation was not adopted by the Genial 
Staff. 

“The surveys have demonstrated marked physical improvement in the 
soldiers during the period of training. For example, at Camp Devens 
the 303d Held Artillery exhibited in a period of five months an average 
gain in weight of more than six pounds, due to “muscling up.” 'there 
was also a distinct gain in height, much of which no doubt was due to 
“straightening up.” 

“The lecture was illustrated by lantern slides and motion pictures, 
lowing methods of food inspection, methods of serving, of dishwasffing, 
of bakhig and handling of bread, and of fee ding 8i(± and wounded 
soldiers.” {Author's abstract.) 

WiEMAM R. Maxon, Recording Secretary. 



THE PHILOSOPHICAL SOCIETY OP WASHINGTON 

The 813th meeting was held at the Cosmos Club, February i, 1919; 
President Humphreys in the chair; 68 persons present. The minutes 
of the 812th meeting were read in abstract and approved. 

Major Fred E- Wright presented the first paper on War time de- 
velopment of the optical industry. (No abstract). 

The second paper was by Mx. E. D. Wili^iamson on Temperature and 
strain distribution in glass. The paper was illustrated by lantern 
slides. 

Abstract: When a temperature gradient is set up in a solid, stresses 
result, owing to the unequal expansions of the various parts. The 
same is true of a viscous liquid, except that in the case of the latter there 
is a slow yield to the forces and in time the stresses and strains would 
vanish for that temperature distribution. At any time, then, there is a 
specific temperature distribution (dependent on the previous heat 
treatment) for any piece of glass, under which the glass is unstressed. 
If this temperature distribution ^ known the stresses produced when 
the temperature becomes equal throughout the mass can be calculated 
from elasticity data. 

The paper dealt in detail (i) with the nature of the temperature 
gradients produced by imiform heating or cooling, at a constant rate, 
of the surface of solids of the foEowing shapes, m, slab, square rod, 
cylindrical rod, brick, short cylinder, and sphere; and (2) with the 
stresses set up in solids whose unstressed temperature distribution is 
that considered in (i). The stress relations were treated in full for the 
case of a sphere only. 

The next paper was by Messrs. A. Q. Tool, and J. Valasek on Some 
characteristics of optical glasses in the annealing range. This paper was 
presented by Mr. Tooe and was illustrated by lantern slides. 

Abstract: In order to carry out the process of annealing glass effi- 
ciently a thorough knowledge of its various properties in the range of 
temperatures employed is necessary. In this respect the viscosity of 
the glass is very important, since any information as to its magnitude 
and variation with the temperature enables one to calculate the time 
required for the stresses to relax to any predetermined ratio of their 
initial value and to draw some conclusions as to the best cooling pro- 
cedure. The term annealing temperature is used here to designate that 
constant and uniform temperature, consistent with the most efficient 
annealing procedure, at which the glass should be held while the stresses 
disappear. This temperature is determined by a study of the relaxation 
of stresses in a sample of glass at various temperatures. The two types 
of methods which have been employed for this purpose involve ei^er 
a determination of the rate of decrease of internal forces by means of 
the double refraction exhibited, or the measurement of riie rate of 
deformation of a suitable piece of glass under externally applied forces. 

A form of the first type, often recommended for practical testing, was 
tried after some modification. Briefly, it consist^ of heating a glass 
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cylinder with polished ends at a constant rate between crossed nicols 
and noting the temperature at which the double refraction began 
sensibly to diminish and also the temperature at which it vanished 
rapidly. It was foimd by experiment that the lower temperature gave 
good results as an annealing temperature and that the glass could be 
held at the higher temperature for a reasonable time without serious 
deformation. 

Maxwell’s “relaxation time” for the internal stresses in tmannealed 
glass was determined at various temperatures by measuring the con- 
stants of the elliptical polarization by means of a modified Stokes 
dliptic analyzer. 

In measurements of the second type, the stretching and bending of 
glass strips under load was employed, following Twyman and others. 

The results indicated that the relaxation time not only depends on 
the temperattire and the kind of glass, but also that larger stresses will 
relax more quickly. Stretching and bending gave practically the same 
results but tihe optical method gave considerably larger values, the dis- 
crepancy varying with the kind of glass. For large and equal stresses 
there was a better agreement. 

Twyman’s empirical exponential law for the change in the rdaxation 
time with temperature holds quite dosely for small temperature ranges. 
The constant in the exponential term appears to increase with the 
temperature and vary considerably with the glass. The most effident 
method of cooling seems to be such that the rate increases exponentially 
according to the same law, as long as the stresses in the glass remain 
at all times below the breaking stress. 

A phenomenon which may be of considerable importance in annealing 
and other processes in glass manufacture as well, was an apparent endo- 
thermic transformation found when careful heating curves were taken 
by means of differential thermocouple. 

Mr. C. G. Peters has shown that this effect is accompanied by a very 
marked increase in the thermal expansion coeflSdent. This would ap- 
pear to make it addsable to carry out the annealing below the region 
of this effect. It occurs in general, immediatdy following the tempera- 
ture at which double refraction begins sensibly to diminish. It was 
fotmd in all the optical glasses tested as well as many others. 

Lately Mr. M. So has published similar results for some Japanese and 
other glasses. He failed however to observe a corresponding effect 
on cooling which had been the first indication of it observed in this 
laboratoiy. 

A very plausible explanation would appear to be that the rapid heating 
disturbs tte equilibrium between the components existing in the glass, 
which, in connection with the rapid decrease of viscosity, tends to re- 
establish itself with corresponding rapidiiy causing the thermal effects 
observed. 

Discussion: Major Wright stated that the temperature ranges dted 
by the authors agreed very dosely with those found by him. Mr. 
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Littleton spoke on some of the characteristics of P3rrex glass. The 
paper was also discussed by Messrs. White and PETERS. 

The last paper of the evening was by Mr. L. H. Adams on The an- 
nealing of glass. 

The paper was illustrated by lantern slides. 

Abstract: The class of materials known as glasses is peculiar in 
many ways. At ordin^ temperatures glasses are as hard, rigid, and 
elastic as ordinary solids, but when heated they gradually become 
softer and change without discontinuity into viscous and iBnally into 
thin liquids. During cooling the reverse process takes place and there 
is therrfore a long range of traperature in which so-called solidification 
takes place. It is primarily due to this fact that cooled objects of glass 
acquire internal strain. 

Optical glass must be free from strain, first because if the strain is ex- 
cessive the glass may fracture when handled or when heated again, 
and second because the surfaces of a badly annealed lens or prism may 
gradually warp and thus impair the definition of the finished instrument. 

For the practical annealing of optical glass it is sufSdent to know 
for several temperatures the time required for the removal of strain. 
The necessary measurements have been made for nine kmds of optical 
glass and the application of the results to the annealing of optical glass 
in the factories has met with entire success. 

Discussion: Mr. White inquired if the method of annealing glass 
by holding it at a given temperature for a rather long time and then 
subjecting it to sudden cooling had not been introduced by Williamson 
and Wright. Mr, Williamson stated that his use of the method was 
due to the fact that it could be easily carried out by ordinary glass- 
workers and with the available furnace equipment. Major Wright 
stated that the method had been rather tmconsdously adopted. 

The 815th meeting was held at the Cosmos Club, March i, 1919; 
President Humphreys in the chair; 30 persons present. The minutes 
of the 814th meeting were read in abstract and approved. 

Mr. W. P. White presented the first paper on Change of state in solids 
—facts and theories. The paper was illustrated by lantern slides. 

Abstract: Changes of state in the solid, that is, Ganges of crystalline 
form, are from thermodynamic necessity like the change of state solid- 
liquid, that is, melting, in that the production of the high temperature 
form is always accompanied by an absorption of heat, but they dhow 
great variety in many phenomena. Nearly every law or rule which 
has been set up for such transformations has been shown to be abtmd- 
antly violated. For example, in cases where of two forms both can be 
cooled to absolute zero, it is demonstrable that the high temperature 
form must at the temperature of inversion have the greater entropy, 
which involves that at some portion of the temperature scale below that 
point its spedfic heat must be higher, and the supposition is natural 
that the specific heat would be higher at all temperatures. In 40 per 
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cent of the investigated cases, however, the high temperature form at 
the inversion temperature has a lower specific heat; that is, its specific 
heat after being higher reverses and becomes lower again. 

So, also, excellent atomic theories have accounted for the fact that 
of two forms the one of larger volume has the larger specific heat, but 
it turns out that in 70 per cent of the investigated cases it is the more 
dense form which has the larger specific heat. Again, it is a general 
rule that as bodies are compres^ Iheir power to resist further compres- 
sion increases, but out of 27 cases of inversion 17 had the form of smaller 
volume more compressible. Finally, the high temperature form, 
being produced by an absoiption of heat, that is, by doing work against 
attractive forces, would be expected to have a larger volume. In 25 
per cent of the Imown cases even this expectation is not res^ized. 

In order to explain this last surprising circumstance, Bridgman 
(whose experiment work has furnished the above results) points out 
that we must sup^se atoms to have shapes other than spherical with 
centers of attraction situated elsewhere than in the center, but he 
points out that the nonspherical form means merely that the centers of 
repulrion (which by determining the resistance of the atom to pene- 
tration by other atoms determine what we think of as its boundary), 
must be distributed in a way which is very far from spherical symmetry. 
It is idle to asagn definite patterns to these distributions of centers of 
force, but the fact is dear that while with atoms in any given arrange- 
ment a slight compresrion involves the doing of work against the re- 
pulsive forces, the rearrangement of atoms involved in a change of 
state may produce changes of volume to which the change in energy 
bears no correspondence. There is merely a 3 to i probabiKty that they 
will correspond in sign. About one solid substance in three is estimated 
to show changes in crystalline form. 

In some work done by the speaker it turned out that the quartz 
inversion, which has been known to be preceded by an abnormally large 
and progressive change in volume and various crystalline properties, 
also maa^ests an absorption of heat which is quite out of rdation to the 
work done in expansian, unless we suppose that the compressibility is 
extraordinarily modified. Hence all the phenomena of this change, 
which is detectable over a range of 500 degrees or more, have the diar- 
acteristics of a change of state, except that we do not appear to have 
two different forms in equilibrium at the same temperature, as we do 
in most other cases. The promptness of these changes affords a re- 
markable contrast to other changes of state between quartz and other 
forms of silica, which are unusually sluggish. 

Discussion: This paper was discussed by Messrs. Wdxiamson, 
SoSBiAN, Bichowskv, and Humphreys. 

Mr. F. B. SiupEE then presented a paper on Some pecuMarities of 
electrical conduction in porcelain. This paper was illustrated by lan- 
tern slides, and has been published in this Journai^ (9: 252). 

Discussion: Mr. L- J. Briggs asked if dectrodes other than those of 
molten solder had been used. Mr. White inquired concerning the ef- 
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feet, on the * ‘polarization” of increasing the thickness of the porcelain 
plates, also whether a saturation test could not be utilized to determine 
the possible functioning of electrons. 

In reply, Mr. Sn^EE stated that platinum electrodes had also been 
used but with similar results; that no experiments had been made to 
test the effect of increasing the thickness of the porcelain plates; and 
that he did not think the saturation test could be made owing to the 
introduction of thermal complications due to actual heating of the por- 
celain, by the currents even before the currents ceased to be proportional 
to the applied potential-differences. 

Mr. SosMAN suggested the possibility of finding a solution of the 
problem in a study of the glass in the porcelain. The paper was also 
discussed by Messrs. Wmi^iAMSON and Bichowsky. Mr. Agnew com- 
mented on the great variety of causes given for the failure of airplane 
engines, and the frequent lack of consistency between explanation and 
evidence. 

The 817th meeting was held at the Cosmos Club, March 29, 1919; 
President Humphreys in the chair; 80 persons present. Minutes of the 
815th and 8i6th meetings were read in abstract and approved. 

The first paper was persented by Mr. W. R. Gregg on Trans-AilarUtc 
flight from the meteorologists point of view, and was illustrated by lantern 
slides. 

Abstract Inasmuch as weather conditions constitute a vital factor 
in the success or failure of trans-Atlantic flight, it is essential that these 
conditions be known as accurately as possible, in order that an aviator 
may know befordiand his “margin of safety” and may make his plans 
accordingly. The purpose of the paper is, therefore, briefly to present 
(i) a statement giving the present state of our knowledge relative to 
average surface meteorological conditions over the portions of the 
North Atlantic between Newfoundland and Ireland and between 
Newfoundland and Portugal via the Azores; (2) a similar statement 
as to free air conditions, particularly at altitudes of 500 to 1000 meters; 
and (3) an analy^ showing the assistance that may be rendered by 
the winds, providing an aviator, with this in mind, carefully selects 
his time for flight. 

Under the first and second headings conditions of temperature, 
humidity, cloudiness, predpitation, fog, pressure and winds are briefly 
summari^, this summary being based upon such few observations as 
have been made at sea and to a greater extent upon those made over 
adjacent land areas. In the application of the latter due consideration 
has been given to the essential differences between marine and con- 
tinental climates, particularly with reference to free air conditions. 

In the third part of the paper the necessity of having observations 
at the time of flight is pointed out. If such observations are available 
and if tie airspeed of the machine is known, the meteorologist is able 
quickly to indicate the successive directions toward which the airplane 
^ould be headed, in order that it may keep to any derired course; 
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also, the resultant speed along that course, or the total time required 
for making a flight. 

Conditions of pressure and wind that would be favorable for eastward 
and westward flights along the two routes are briefly discussed, and 
tables are given showing the average number of days, monthly, seasonal 
and annud, that are favorable for such flights. The figures in these 
tables are based upon an examination of daily marine weather maps 
covering a period of ten years. The results of this study show: (a) at 
an altitude of 500 to 1000 meters conditions are favorable for an eastward 
trip approximately one-third of the time, the percentage being slightly 
greater along the northern than along the southern route; (b) at greater 
^titudes the percentage of favorable days materially increases, es- 
pecially along the norSiem route; (c) for the westward trip the per- 
centage of favorable days is so smdl as to make trans-Atlantic flight in 
this direction impracticable until the cruising radius of air-craft is 
increased to such an extent that they are relatively independent of wind 
conditions; (d) there is little choice as to season, for, although the pre- 
vailing westerlies are stronger in winter than in summer, yet, on the 
other hand, stormy conditions are more prevalent in winter, the net 
result being about an equal percentage of favorable days in the two 
seasons. The transition seasons, spring and autumn, show a slightly 
smaller percentage than do summer and winter. For full publication 
of this paper see Monthly Weather Review, February, 1919. 

Discussion: The paper was discussed by Messrs. Bowie, Ault, 
Humphreys, Brooks, and Hazard. 

Mr. C. F. Marvin presented the second paper on TIte flight of aircraft 
and the deflective influence of the earik^s rofaiion. The paper was illus- 
trated by charts. 

Abstract: Objects moving fredy in a horizontal manner over the 
earth’s surface are deflected constantly to the right in the Northern 
hemisphere by a force which at airplane speeds, say 40 meters per sec- 
ond, and at latitude 50 degrees, amounts to .447 dynes per gram of 
mo^Tng matter. 

The purpose of the paper was to indicate the amount by which an 
aircraft flying in still air may be carried off any desired course by the 
action of this small force, espedally when a compass is the only guide 
followed in holding the course. 

The speaker showed that a residual or resultant force, in addition to 
the deflective influence, almost constantly exists in assumed straight- 
away flying and arises from the reactions between the airplane and the 
air. The pilot has no knowledge of or control over this force, which, 
neverthdess, dominates the flight and operates to turn the machine 
from its course, now to the right, now to the left, in an irregular and 
entirdy acddental manner. Repeated rectifications of the coiuse are 
necessary, and it was assumed for purpose of quantitative analysis that 
on the average the pilot rectifies the course every 60 seconds of tie 
flight. 
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Although the accidental forces dominate the flight and necessitate 
frequent rectification, nevertheless these tend to average out and their 
sum to become zero. The same is true of accidental side slipping effect. 
Therefore the problem resolves itself into finding the displacement by 
the deflective influence when operating during the interval between 
rectifications. 


It was shown the aggregate effect tended to carry the craft to the 
right of its course in the Northern Hemisphere by a small angular 
amount given by the equation, 


e = 


360 

86164 


; sin ^ 


in which t is the time in seconds between rectifications and tp is the 
latitude. 


The angle d could be r^arded as a compass correction and the error 
of flight eliminated by steering to the left of any specified course by 
the angular amount 0, values of which for different latitudes were given 
varying from over 5 minutes of arc at latitude 20 degrees to nearly 15 
minutes at 80 degrees. It was also, shown that the linear displacement 
from coiurse varied as the sin® 6 or nearly as the square of the time be- 
tween rectifications and in a lo-hours’ flight would amount to nearly 
5000 meters. 

While not a part of the main purpose of the paper, it was pointed 
out that the equations lead to the deduction that gliding could be pro- 
longed if executed in a right-hand instead of a left-hand turn of large 
radius. Also, turning to tiie right when dimbing is more ef&dent than 
turning to the left. 

Following the second paper Mr. L. J. Briggs spoke briefly on the 
application of certain other dynamical principles to the flight of air- 
cr^. 


S. J. Matjchly, Recording Secretary. 


BIOLOGICAL SOCIETY OF WASHINGTON 

The 595th regular meeting of the Society was held in the Assembly 
Hall of the Cosmos Club, Saturday, April 5, 1919; called to order at 
8 p. m. by President Smith; 55 persons present. Eight informal com- 
munications were presented. 

W. P. Taylor: The Olympic elk, Cerms roosevelti, thought to have 
been extirpated in Washington State outside of the Olympic Moun- 
tains, has recently been reported from the following localities within 
Pacific County; two bands of 40 each on the Nasel River, one band 
of about 50 on North River, one band of 25 on the Nemah River, two 
small bands on the South Fork of Wallapa River, and one small band 
on the main Wallapa River. There are said to be about 175 animals in 
all. 

A. S. Hitchcock: Attention called to two recent botanical publica- 
tions, and copies of the books exhibited: Prof. J. F. Rock, A mono- 
graphic study of the Hawaiian species of the Lobeliotdeae, and Prof. E- D. 
Merrill, Rumpkms's Flora Amboinensis. 
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H. C. Oberholser: Remarks on ornithological activities during 
1918 in which year 26 subspecies and 3 distinct species (one of the latter 
an extralimital straggler) had been added to the North American avi- 
fauna, while 8 forms were removed from the list. 

T. S. Palmer: Remarks on the rare New Caledonian bird, kagu, 
RJiinocbitus jtibahts, but few specimens of which are foimd in collections, 
none in the U. S. National Museum, although it is frequently seen in 
zoological gardens there being at present a specimen living in the col- 
lection of &e New York Zoological Society. 

T. S. Palmer; Remarks on the numb^ of bison in North America 
thirty years after the first census in 1889. There are at present 7300 
individuals of which 4300 are in Canada as against a of 1091 in 
1889. There were bom in 1918 1100 calves. The government owns 
eight herds, embracing 850 animals. 

A. Wetmore: Remarks on the shape and size of the pupils of birds, 
particularly of the black skimmer, Rynchops niger, in which the con- 
tracted pupn is a vertical slit. 

N. Dearborn; Remarks on the apparent preference by a pair of 
bluebirds for a newly-painted blue-colored box over an old weather- 
worn greexiish one. 

H. Smith; Exhibition of drawings of the deep-sea fish, Gargariscus 
seinidentatus^ 

The regular program consisted of two communications; 

** Agnes Chase; Oil grasses and their uses in perfumery. Pour 
grasses, native of the East Indies, furnish essential oils. All belong to the 
Andropogoneae. Cymbopogon nardtts, dtronella grass, and C. ciiratus, 
lemon oil grass, are not known in the wild state. They are cultivated 
throughout the tropics, but on a a>mmercial scale mostly in the East 
Indies. From 1909 to 1917 experiments were carried on with C. ciiratus 
by the Department of Agriculture in Florida. It could be grown on 
sandy pineland at a fair profit. In these two species the sterile plants, 
cut above the base, are (fistiUed. The oil is used for scenting soap and 
for adulterating other oils. Cymbopogon martini, rus& grass, is not cul- 
tivated, but har\"ested from the wild plants common in India. Only 
the inflorescence is distilled. Rus4, or palmarosa, oil is used chiefly 
for adulterating attar of roses. This is the Andropogon schoenanthus of 
pharmacopoeias, but not the real species. Anaiherumzisanioides, Khus- 
Khus or Vetiver, is both wild and cultivated, now spread throughout 
the tropics and grown sparingly in southern Louisiana and southern 
California. The oil is obtained from the roots. Its volatility is 
low and it is used as a fixative for other oils. The roots are woven into 
mats, screens, fans, etc., in India, and are made into perfume powder. 

Discussion by Messrs. H. M. Smith, and A. S. Hitchcock. ^ 

R, M. Anderson; Recent zoological exploration in the western Arctic. 
Dr. Anderson, who was in Washin^n to attend the organization meet- 
ing of the American Society of Mammalogists, gave an accoxmt of several 
years of zoological coloration along the western coast of Arctic America. 
He described his itineraiy and referred to the difficulties of zoological 
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collecting in the Arctic, calling attention to the limitations of travel 
during the short summer and the ease of travel in winter. In winter, 
however, animals of migratory and hibernating habits are not encoim- 
tered. He described the topography of the territory explored, the 
distribution of the animal and plant life in it and the migrations of 
sdme of the forms. He discussed in particular the muskoxen, the ^deld 
of long-fibered wool, and contemplated attempts to domesticate them. 
Among other interesting discoveries was a spider whose nearest relatives 
occur on certain motmtain summits in the United States. Attention 
was called to the relatively high summer temperature and the twenty- 
four-hour period of daylight and to its stimulating effect on plant life 
and to the fact that Arctic animals have to endme a relatively hot sum- 
mer climate during part of their year. The collections brought back 
are being studied by various speci^sts and the published reports will 
occupy several octavo volumes. Discussion by Messrs. T. S. Paemer, 
H. M. Smith, W. P. Taylor, R. M. Libbey, E. A. Preble, W. B. Bell, 
and H. C. Oberhoeser. 

M. W. Lyon, Jr., Recording Secretary. 


ENTOMOLOGICAL SOCIETY OF WASHINGTON 

The 321st meeting of the Society was held in the Auditorium of the 
Cosmos Club, on April 3, 1919. Thit^^-three members and 4 \isitors 
were present. President Sasscer presided. 

PROGRAM 

Gibson, Edmund H. : Some war-camp insect problems. This was an 
informal accotmt of the insect problems which the speaker as a captain 
in the Unitary Corps had to contend with at Camp Humphries, Vir- 
ginia. Captain Gibson spoke of the methods adopted in controlling 
mosquitoes, flies, and bedbugs, and illustrated his t^k by maps, dbarts, 
and photographs. 

For the control of mosquitoes both drainage and oiling were employed 
as weU as the occasional removal of the floating debris in the small 
bays along the river front. As a result of the mosquito eradication a 
well-known malarial district was converted into a section comparatively 
free from mosquitoes; and as shown by charts of the Public Health Ser- 
vice the camp made the best record of any of the cantonments situated 
in malarial regions. 

Against the flies, traps and the treating of manures with gasoline 
flame were resorted to. As a result of this work no epidemics of dys- 
entery or typhoid occurred in the camp. Captain Gibson brought out 
the fact that in the observations on the results of the fly work this camp 
was the only one in the country in which the various species of flies were 
considered separately. 

A very serious infestation of bedbugs was controlled and the bugs 
entirely exterminated by two applications of kerosene followed by 
fumigation with carbon disulphide. 
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Most of the discussion consisted of questions, Captain Gibson’s an- 
swers to which are incorporated in the above summary of his remarks, 

Kotinskv, Jacob: The fundamental factors of insect evolution, (A 
translation). This paper was a translation from the Russian of Chet- 
verikov. The author advanced the theory that the development of 
insects has been from large to small, supporting this idea by paleon- 
tological evidence. This was contrasted with the development of mam- 
mals, the mammoth forms of which reached their greatest development 
and died out, the present forms having developed from smaller forms. 
He found the reason for this contrast in development lines in the dif- 
ference in the skeleton, the exoskeleton of the insects combined with 
their small size having protected them from their enemies and permitted 
the development of the tremendous numbers that exist. 

In the discussion that followed it was pointed out by Mr. Rohwer 
that just as at present it is the largest insects of a region that are col- 
lected first and the smaller forms later, so it is with fossil insects. Up 
to the present most of the fossil forms discovered are large, but that 
there were minute contemporary insects is shown by the Florissant de- 
posits, from which many very minute forms have been taken. Mr. 
Busck expressed the opinion that in the Lepidoptera the primitive forms 
are as a rule small. Dr. Baker commented on the effect of dimatic 
conditions and abimdance of food supply in the determination of the 
sexes of insects, and stated that the size of insects can be reduced by 
limitation of food supply. Mr. MarlaW suggested tiiat perhaps the 
different conditions of air, water, and soil in ancient times tended to 
produce animals of immense size. 

R. A. Cushman, Recording Secretary, 



SCIENTIFIC NOTES AND NEWS 

The U. S. Coast and Geodetic Stirvey reports the completion of the 
new outline map of the United States on the Tambert Conformal 
Conic Projections; scale, i : 5,000,000; dimensions, 25 X 39 inches; 
price, 25 cents. This map is intended merely as a base to which may 
be added any kind of special information desired. It is based on the 
same system of projection (the Lambert projection) as that which was 
employed by the armies of the allied forces in the militaiy operations 
in France. For an area of the shape and position of the United States, 
this projection has several marked advantages over the Mercator and 
the Polyconic projections. Throughout the larger and more important 
part of the United States, that is, between latitudes 30 V2^ and 49®, 
the maximum scale error is only one-half of one per cent. The standard 
parallels of the map of the United States are latitudes 33® and 45°, 
and upon these parcels the scale is absolutely true. The scale for any 
other part of the map, or for any parallel, can be obtained from Special 
Publication No. 52, page 36, U. S. Coast and Geodetic Survey. 

The Office of Drug and Oil Plant Investigations, Bureau of Plant 
Industry, is installing a laboratory at Arlington Farms to study the 
technology of fats and vegetable oils, in connection with its projects on 
oil-3deldmg crops and utilization of waste. 

The Coast and Geodetic Survey steamer Surveyor left Norfolk, Vir- 
ginia, on April 2 1 en route to the Pacific via the Panama Canal. Deep- 
sea soundings will be made from off Chesapeake entrance to the Ba- 
hamas and from Jamaica across the Caribbean Sea. 

The Twelfth Annual Conference of Weights and Measures Officials, 
composed of delegates from the States and larger cities of the United 
States, met at the Bureau of Standards on May 21-24, 1919, 27 States 
being represented. The object of these conferences is to bring about 
uniform laws and regulations regarding the inspection of commercial 
weights and measures and also to discuss matters of technique and pro- 
cedure, Among other results of the Conference was the adoption of a 
resolution favoring the metric system. Officers elected for the following 
year were : Pres^ent, S. W. Stratton, Director of the Bureau of Stand- 
ards; First~Vice President, Chas. G. Johnson, State Superintendent for 
the State of California; Second Vice-President, Thurb Hanson, Com- 
missioner of Weights and Measures of Massachusetts; Secretary, L. A. 
Fischer, of the Bureau of Standards. 

Dr. Paul Bartsch, of the National Museum, returned in May from 
a trip to the Florida Keys and the Dry Tortugas, where he has been 
conducting breeding experiments tmder the joint auspices of the Smith- 
sonian Institution and the Carnegie Institution of Washington. 

Professor L. C. GraTon, of Harvard University, came to Washington 
in June and expects to spend several months in the Bureau of Internal 
Revenue of the Treasury Department, in charge of copper mine valua- 
tion under the Income Tax Unit of the Bureau. 
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Mr. C. T. Greene, of the Bureau of Batomology, has recently been 
made honorary assistant custodian of Diptera in lie Division of In- 
sects of the National Museum and is assisting Dr. Aldrich in the ar- 
rangement of the Museum’s collection of Diptera. 

Major P. R. Moulton, formerly of the Ordnance Department, U. 
S. A., received his discharge from the Army and returned to the Uni- 
versity of Chicago in April. 

_Ca.ptain Bdwin H. Pagenhart, U. S. R. (Engineers), has received 
his discharge from the Army and h^ returned to the Coast and Geodetic 
Survey. 

Mr. E. A. Schwarz and Mr. H. S. Barber have recently returned 
from a trip to the Plorida Everglades, where they collected many in- 
sects, whi^ will be added to the collections of the National Museum. 
One very interesting Scolytid beetle belonging to a tropical genus has 
already been described by Mr. Schwarz. 

Major Samuel A. Tucker, of the Chemical Warfare Service, and 
Washmgton representative of the newly-organized Chemical Founda- 
tion which took over enemy-owned patents during the war, closed the 
Washington office in May and has returned to New York. 

^ Mr. R. J. Wig, formerly of the Bureau of Standards, and chipf en- 
g^eer of the concrete-ship department of the Emergency Fleet Corpora- 
ticm during the war, has resigned from the Fleet Corporation to go into 
private engineering work at San Diego, California. 
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PHYSICS. — “Physical" vs. “chemical" forces. P. V. WELLS, 
Bureau of Standards. (Communicated by S. W. Stratton.) 

In his remarkable memoir on the constitution of solids and 
liquids, Langmuir^ considers in some detail those forces which 
are concerned in the structure of matter, stating their charac- 
teristics with great dearness. But unfortunately he adopts 
definitions of “physical” and “chemical” forces connoting a 
narrowness to the term “physical” which is quite unhappy. I 
realize, however, that his purpose in this is to emphasize the 
rdaiion of many terms and phenomena usually regarded as dis- 
tinct. 

Sdence has arrived at a stage in its evolution where the classi- 
fication between ph3rsics and chemistry appears artificial. Of 
course all classification is necessarily arbitrary and appears so 
espedally at the boundaries between dasses. There must, 
therefore, be confusion and difference of opinion among those 
who approach the study of what may perhaps be called tom 
fields, such as physical chemistry or chemical physics, from differ- 
ent points of view. The appropriate attitude in such matters 
seems to be to avoid the artifidal issue by classification and nomen- 
clature derived from a viewpoint common to both. 

In view of the historical significance of the words “physical” 
and “chemical,” their use in dasafyir^ forces appears rather un- 
natural. A less artifidal nomendature is that derived from the 
fundamental theory of the constitution of matter common 

1 1 . 1 /ANGMUIR. Joiira. Amer. Chem. Soc. 39: 1848, 1917. 
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to both physics and dhemistry, according to ■which forces are 
dassi&ed as (i) ‘molar, ^ (2) molecular, (3) atomic, and (4) electronic. 
There is little anthropomorphic in these words, and they center 
the attention on the phenomena. The classification is quali- 
tative in the sense that no quantitative relations of these forces 
to energy have yet been defined. The dectron theory of atomic 
structure, however, dispels mudh of the -vagueness surrounding 
many of the forces, and raises into further prominence the con- 
viction of Faraday that there is but one fimdamental type of 
force. 

Electronic forces may be defined as those whidi maintain 
the negative or -valence dectrons and the positive nudeus in 
equilibrium as a single system. Similarly, atomic forces may 
be defined as those which maintain two or more atoms in equi- 
librium as a angle system; molecular forces as those whidi main- 
tain two or more molecules in equilibrium as a single system; 
and molar forces those which maintain two or more masses in 
equilibritmi as a angle system. Eadi group of forces may be 
regarded as the residual fidds of force remaining unsaturated in 
the smaller s3?stems constituting the components of the system 
under consideration. 

For the description of certain phenomena the molar theory is 
suflfident, but soon a stage is reached at which the phenomena 
must be conadered in more detail. The system considered is 
then restricted to groups of molecules. This system is in its 
turn further restricted to atomic groups, and so on. The im- 
portant point is that each theory indudes all those preceding as 
spedal cases, as the result of simplifying approximations, or as 
arising from statistical considerations. The more closely one 
wishes to examine the nature of the extended system the more 
the point of -view approaches that of the restricted system. The 
key to the nature of molecular forces, for example, is to be found 
in atomic considerations. This is the point particularly empha- 
sized by Langmuir in his paper. 

* Molar is derived from the Latin moles, a large mass. In the Century Dic- 
tionary molar forces are defined as those producing motions between large masses, 
molecular forces those between molecules, but which are insensible at sensible dis- 
tance. 
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TVTiatever the nature of the fields of force, the effect of neigh- 
boring systems would be expected to be more definite the more 
discrete the structure. Thus electronic forces are d efinit ely 
diaracteristic of the nature of the element, showing the finite 
differences of the periodic system. Atomic forces show more 
continuity, only two distinct types occurring, corresponding to 
primary and secondary valence. These may be called fiimary 
and secondary atomic forces. Molecular systems have lost so 
much of their discreteness that combinations of molecules do 
not follow the laws of definite and multiple proportions. In 
sudi phenomena as molecular association and surface structure, 
the discreteness of atomic constitution begins to give place to 
statistical continuity. Moreover, even in these phenomena, 
the forces are relatively so weak that molecules are not usually 
regarded as permanently grouped together. 

In order to avoid the troublesome conflicts which are involved 
in the use of the words physics, physical chemistry, and chemis- 
try, for many purposes it would be convenient to classify these 
portions of science into molar theory or molics, molecular theory 
or moleculics,^ atomics, and electronics. 

Molics deals only with continuous quantities and ideal dis- 
continuities such as surfaces. This is the province of classical 
physics. In molecules the statistical nature of molar quantities 
must be considered. For instance, actual surfaces between 
distinct phases are not regarded as mathematical surfaces of 
discontinuity, but as possessing a molecular structure, so graph- 
ically ^own by I/angmuir and his predecessors. Such phenom- 
ena as molecular association, condensation and those connected 
with colloids and ions in gases are also t3q>ically molecular in 
that finite groups of molecules are involved and the range of 
forces is not large compared with the distances between mole- 
cules. Moleculics thus indudes mudi of what is often called 
physical-diemistry. The complexity of molecular systems lim- 
its the application of quantitative methods, in spite of the great 
advances in statistical medianics. 

* The accent might be placed upon the penult, as in tnomUomic, 
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The great fertility of the atomic theory has produced such a 
mass of systematic knowledge that the province of atomics is 
easily defined. Moreover, the definiteness and comparative 
simplicity of atomic systems makes classification easy. This is 
still more striking in the case of electronics, which perhaps may 
be even more productive of systematic knowledge than atomics 
has been. To some, attention to nomenclature is considered 
trivial, but early in his career Faraday remarked the importance 
of clever definitions which he always recorded, and demonstrated 
by his example the close relation between the progress of science 
and its nomenclature. Moreover, if the main purpose of science 
is economy of thought, it is as necessary to systematize and 
classify facts already known, as to discover new facts only to 
have them buried unappreciated. 

BOTANY. — Notes on ^ genus Dahlia, with descriptions of two 
new species from Guatemala. W. E. Safpord, Bureau of 
Plant Industry. 

The impresdon that the many “double-flowered” dahlias of 
our gardens are forms created by modem horticulturalists from 
single-flowered types is erroneous. In the earliest illustration 
of plants belonging to this genus, made more than three cen- 
turies and a half ago, only double-flowered forms are repre- 
sented. Indeed, the genus itself was based by Cavanilles on 
Dahlia pinnata, a plant with double heads identical in form with 
certain “peony-flowered” dahlias of modem catalogues. Fran- 
cisco Hernandez, the protomedico of Philip II, sent by his sover- 
eign in 1570 to New Spain to study its resources, figured at 
least three dahlias under the Aztec names Acocotli, Cocoxockitl, 
and Acocoxochiil, all of which are derived from cocotli, signifying, 
like the word “s3rringa,” a hollow-stemmed plant; acocotli liter- 
ally translated becoming “water-cane,” or “water-pipe;” cocoxo- 
chitl, “cane-flower” or “hollow-stem flower”: and acocoxochitl, 
“water-pipe-flower.” It is interesting to note, in connec- 
tion with this vernacular name, that it was also applied by the 
Aztecs to plants of distinct families, including umbdlifers, one 
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of wUdi, an aromatic Ifigusticum witli a hollow stem and fleshy 
roots resembling those of the genus Dahlia, was erroneously 
figured under the same heading as the two dahlias first described. 



Fig I — ^Duplex-flowered Dahlia, called Acocotli by the 
Aztecs After Hernandez (1575). 

Hernandez was not a botanist, but grouped bis plants accord- 
ing to their uses and appearance, rather than to their botanical 
affinities.^ Two of his figures, representing dahlias of the type 

^ In connection with the hollow-stemmed umbellifer of Mexico, it may be of 
interest to note that from the hollow stems of the allied Cicuta the shepherds of 
Virgil and Theocntus made pan-pipes, or syrinxes, **dispanhu 5 septm cmpacla 
cicuiu fistvia ** 
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now called “Duplex,” with leaves like those of Dahlia mriabilis, 
were poorly drawn (see fig. i), but a third figure, reproduced in 
the accompanying illustration (fig. 2) was that of a Dahlia with 



Fig. 2. — ^P«oii7-floweied Dahlia, called Acocozodiitl 
by the Aztecs. After Hernandez (1575). 

flowers of the “peony type” and with leaves resembling those of 
Dahida glabrata. figure was accompanied in the Roman 

edition of Hernandez’s work by a very brief and inadequate 
description. In the Madrid edition® it is described under the 
* Vol. z, p. 14, cap. 24. 
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heading “De Acocoxockitl seu flore Acocotli” as having flower 
heads with yellow didc and purple ray-florets, after which the 
author goes on to say that many more forms of Acocoxochitl 
occur in Mexico, differing from one another in the size and color 
of the flowers, some of them white, others yellow, others purple 
or red, others white tinged with purple, or perhaps ydlow tinged 
with red, and a great many other kinds, in some cases with double 
or multiple whorls of ray flowers, either forming drdes or clus- 
tered in compact bunches {manipuU). The roots he describes as 
fleshy, or succulent, and fasdded like those of asphodd, with a 
resinous or somewhat sweetish artichoke-like taste. 

Although both the flowers and leaves of cultivated dahlias 
show considerable variation, yet there are certain features in 
both whidi are more or less uniform. In one group of the genus 
the ray-florets are broad and flat; in another they have a ten- 
dency to become involute or quilled, while in a third the margins 
are bent backward or revolute. These distinct groups are fiurther 
characterized by their foliage, the leaves of whidi, whether sim- 
ple, pinnate, or bipinnate, have a peculiar texture and vary simi- 
larly in form. Very little attention is paid to the leaf-charac- 
ters of dahlias either in standard works on horticulture or in 
florists catalogues. A well defined species like Dahlia coccinea, 
for iustance, may be found under the heading leaves once pinnate, 
m spite of the fact that in the original drawing of the type plant 
the lower leaves of this spedes have their lower pinnae again 
pinnate. In consequence of this cardessness and also perhaps 
from the fact that the lower leaves of the forms figured in cata- 
logues are sddom shown, some authors have gone to the extent 
of iiTiiting into a single spedes Cavanilles’ Dahlia pinnata, D. 
rosea, and D. coccinea. 

In nearly all the monographs on the genus Dahlia hitherto 
publidied the different varieties have been grouped from the 
horticulturalists’ point of view, according to the forms of the 
flowers, tmder such headings as “single, duplex, anemone-flow- 
ered, collarette, pompon, fancy, decwative, peony-flowered, and 
cactus dahlias,” without identifying the single-flowered forms 
with botanical spedes (except perhaps in DahUa coccinea and 
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DahUa imperiaUs) or attempting to connect the “duplex” and 
double forms "with their primitive single ancestors. It is very 
probable that the types upon which several species have been 
based were hybrid plants. DahUa pinnata itself, the type of the 
genus, was probably a hybrid. In the Index Kewensis its name 
is discarded as a synonym for the subsequently described D. 
variabilis. In the same way the handsome Dahlia juarezii with 
large double heads composed of strap-shaped florets having their 
edges turning backward, in sharp distinction to the involute or 
quilled florets of the artificial-looking “pompon dahlias” and 
the broad, flat-rayed heads of the “century” type of modem 
catalogues, is also to be regarded as a hybrid. Dahlias with flow- 
ers identical in form with the type of DahUa jtmrezii, the ancestor 
from which the “cactus dahlias” of our gardens have sprung, 
are no longer called “cactus dahlias” by specialists, but “cactus 
hybrids.” One of the ancestors of DahUa juarezii must have 
been a single flowered species, with eight revolute ray-florets. 
Such a plant has recently been discovered in the mountains of 
Guatemala by Mr. Paul Popenoe, in honor of whom it is pur- 
posed to name the species described below. In addition to this 
spedes Mr. Popenoe brought back with him a handsome tree 
Dahlia, already represented in the U. S. National Herbarium, 
but hitherto erroneously referred to Dahlia imperiaUs by some 
authorities and by others to DahUa variabilis. This second species 
r^nresented in the herbarium by two sheets collected in Guatemala 
by Mr. William R. Maxon, is described bdow under the name 
DcMia maxonii. 

There are several other undesctibed spedes of the genus 
Dahlia in the National Herbaritun, but there is no ^ace within 
the limits of this paper to describe them. Indeed the whole 
genus diould be carefully revised by a botanist familiar with 
dosdy allied genera of composites and the work should be based 
upon material collected in the elevated r^do“S of Mexico and 
Central America where the plants are endemic, not upon garden- 
grown specimens. Much of the material in herbariums is in- 
complete, owing to the absence of characteristic lower leaves 
of the plants represented; and many of the specimens are in 
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bad condition, owing both to the difficulty of drying succulent 
plants like dahlias, which wilt as soon as gathered, and to the 
injury of the flower heads by insects. 

Dahlia popenovii Safford, sp. nov. T epeacocoxochitl (Nahuatl) ; PapdotU 
Tunatta (Guatemala). 

A herbaceous plant about i meter high with fascicled, fleshy roots 
and slender, erect, hollow, striated, purplish stems glabrate near the 
base and sparsely clothed above with minute, whitish, woolly hairs. 
Leaves membranaceous, opposite with the bases of the petioles con- 
nate, as in the rest of the genus, the lower ones (lacking in the type) 
described as bipinnate; the upper ones simply pinnate, usually 3-folio- 
late, or simple and deeply 3-lobed, with the le^ets or lobes decurrent 
on the racfais and winged petiole, sparsdy dothed with short, stiff 
hairs; leaf-like bracts of the inflorescence simple, laceolate, acuminate, 
sessile; leaves of yoimg seedlings simple, bro^y ovate, with the base 
decurrent on the slender petiole. Inflorescence more or less corym- 
bose, with the flower heads borne on long slender, petioles, erect or 
slightly curved at anthesis, at length recurved or nodding; pedimdes 
12 to 14 cm. long bearing one or two bracts, sometimes with a shorter- 
pedimded head issuing from the axil of the bract. Flower heads 6 
to 9 .5 cm. broad, those of the type with bright scarlet or cardinal rays 
and ydlow disks; outer involucre calyx-like, as in the rest of the genus, 
composed of 5 spreading or recurved spathulate-oblanceolate bracts; 
inner involucre composed of about 10 erect, diaphanous, oblong scales, 
rounded at the apex, enlarging after anthesis; ray florets 8, sterile, 
widely ^reading, rounded and abruptly pointed at the tip, revolute 
or turning bad^ard along the margins as in forms of the “cactus” 
tjrpe of cStivated dahlias, disk florets hermaphrodite, tubular, mature 
achenia 12 or 13 mm. long, concealed by the thin, diaphanous paleae 
borne on the disk, these resembling the scales of the inner involucre 
and almost equal to them in size. 

Tjrpe in the U. S. National Herbarium, no. 1010584, collected near 
San Lucas, Department of Zacatepequez, Guatemala, at an approximate 
altitude of 6600 feet, October 21, 1916, by Wilson Popenoe (no. 682). 

This handsome species, which is probably an ancestor of the hybrid 
Dahlia juarezii, from which the “Cactus Dahlias” of our gardens have 
been derived, is named in honor of its discoverer, Mr. Wilson Popenoe, 
of the Office of Foreign Seed and Plant Introduction. It is represented 
by a single specimen, and by several seedlings propagated at Yarrow, 
Maryland, from seeds collected by Mr. Popenoe. In Mr. Popenoe's 
fidd notes he writes as follows: 

Antigua, Guatemala, October 23, 1916. — On my way back from 
Guatei^a City to this place I collecl^ some wild da.hlias about 2 
kms. above Santa Luda, at an approximate devation of 6600 feet, 
where the plants were most abundwt. I have not seen them as low 
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Fig 3 — Dahha popenomt, diowmg tsvo flower heads, mature fruiting head, upper 
leaves of mature plant and a smgle leaf of a young seedlmg, also a npe 
af*1i#>nmm Drawn from type material and from a photograph of the flower by 
Mrs R E Gamble, Bureau of Plant Industry All natural size 
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as 5000 feet, but have found them up to 7000, which is as high as I 
have gone. I do not know how mu^ higher they may occur. The 
plants observed near Santa Luda grow to a height of about 4 feet. 
The stem is a dull greenish purple to purplish green, usually glabrous 
but sometimes with scattering hairs toward the upper portion. Leaves 
2-pinnate near the base of the stem, 1 -pinnate or simple above; leaflets 
of the lower leaves ovate acute, 2.5 inches long, 1.5 inches broad, 
remotely dentate, sparsely furnished with short bristly hairs, which 
are more scant breath; racbis not exceeding 5 inches in length, often 
very short; petiolules o to 0.75 in. long. The flowers are 2 to 3.25 
in. broad, with 8 ray florets, tiie latter sterile and orange brown or 
crimson in color, in some forms short and broad, in others long and 
narrow with the margins recurved or revolute, giving to the flower the 
appearance of a Cactus Dahlia, and contrasting with the other form 
having broadly ^reading flat rays rounded at the tips. 

From photographs of these contrasted forms it is evident that the 
latter spedes is the true Dahlia coccinea of Cavanilles, the tj^pe figure 
of which it exactly resembles. 

Dahlia maxonii Safford, sp. nov. Tree Dahlia of Guatemala. Tzoloj 
(Kdichi); Shikor (Pokomchi); Quauhacocoxochitl (Nahuatl). 

A tall plant with vertical terete hollow stem 3 to 5 meters high and 
5 to 7 cm. thick, at length becoming woody, with Joints at intervals 
f orm^ by the dasping bases of the comate petioles of the opposite 
leaves. Leaves membranaceous, pale green beneath, deep green 
above, quite smooth or sparsely hairy, those of the inflorescence and 
on the upper part of the stem simple or pinnate, those on the lower 
portion of the stem bipinnate; l^flets lanceolate, terminating in a 
long slender point, the terming leaflet narrowed and the lateral ones 
rounded and unequal at the base, with the blades more or less decur- 
rent on the narrowly winged radhis, the margins dentate (the larger 
leaflets with 16 to 18 teeth on each side), the lower pair ofto bilobrf 
and sometimes with an additional pair of small leaflets at the b^e, 
as in several other spedes of the genus; leaves of yoimg seedlings sim- 
ply pinnate, with the rachis scarcely or not at all winged. Flower 
heads pedunded, erect; pedundes 10 to 12 cm. long, those of axillary 
heads somewhat shorter and subtended at the base by simple caudate- 
acuminate leaf-like bracts narrowed at the base into a winged petiole 
I or 2 cm. long; involucre composed of two distinct series, the outer 
consisting of 5 green, fleshy, widdy spreading, spathulate-ovate bracts 
obtuse at the apex 10 to 15 mm, long and 5 to 8 mm. broad, the iimer 
of about 10 membranaceous diaphanous, oblong, scales rounded at the 
apex, overlapping before anthesis, at length erect, 18 to 20 mm. long 
and 8 to 10 mm. broad. Ray florets neutral, lavender-pinkish or lilac, 
ovate, flat, widdy spreading as in the cultivated forms of the “century 
type,” 4 to 5 cm. long and 2 to 3 cm. broad with the apex rounded or 
.abruptly pointed; disk-florets hermaphrodite, often sterile, tubular, 




Fig 4 — Dahha maxomt, showing fully expanded flower, two unopened buds, di^ 
floret, and achenium, together with a bipumate and a simple leaf Natural 
size Drawn by Mrs R E Gamble 
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shaxply 5-toothed, yellow, 10 mm. long; mature achenia, 1.5 mm. 
long. 

Type in the U. S National Herbarium, no. 473271, collected at 
Socoyoct^, Department of Alta Verapaz, Guatemala, January 16, 1905, 
by 'William R. Maxon (no. 3295). 

Distribution: Mountains of Alta Verapaz, Guatemala, and across 
the boundary into the state of Chiapas, Mexico. 

This handsome tree dahlia is named in honor of Mr. William R. 
Maxon, collector of the type material. It is further represented in 
the U- S. National Herbarium by specimens from Sepacuite, Alta 
Verapaz, collected by George P. Goll (no. 224), Guatemala, without 
definite locality, by Heyde (no. 319) and Mrs. William Owen (no. 2a 
“Tzoloj”) ; in cultivation near Guatemala City by Wilson Popenoe (no. 
728) ; and in the vicinity of San Cristobal, state of Chiapas, Mexico, 
at an elevation of 7000 to 8800 feet, by E. W. Ndson (no. 3173). 

In Mr. Maxon*s fidd notes he describes it as a plant “8 to 15 feet 
high; flowers lavender-pinkish, 4 inches across; buds and young shoots 
eaten as ‘greens;’ a very common plant.” Mr. Popenoe’s notes, dated 
Tactic, Alta Verapaz, Guatemala, December 16, 1916, are as follows: 

“This tree dahlia is extensively used here for hedges. The stems are 
cut and inserted in the ground, projecting three or four feet; they take 
root and grow, and when the plants have reached ten or twelve feet 
in height they produce quantities of lilac-piok flowers, three to five 
indies broad. Just now they are in all their glory, and Tactic is brilliant 
with them. This impresses me as being an tmusually fine decorative 
plant. It should be cultivated in the United States. In addition to 
the t3rpical form, — single pbok, — three others are known in this region. 
Some of them may be distinct spedes. The people say they are wild 
plants. One resembles the typi<^ form except that it is quite double. 
Another is a single white, its flowers resembling those of the single pink 
in everything except color. The fourth form is double white. The 
flowers of this form are very handsome and are used by the Indians to 
adorn the images of saints which they keep in their houses. Don 
Matias Acevedo says that water contained in the hollow stems is medi- 
cinal- It is used here as a gargle in cases of sore throat. This plant 
is called shikor in Pokomchi, which is the language spoken in Tactic. 
In Kekchi, which is the language spoken throughout most of the Alta 
Verapaz, llie name is tzolojJ^ 
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BIOLOGY, — A sketch of the natural history of the District of Columbia, 
together with an indexed edition of the U. S. Geological Survey's 1917 
map of Washingto 7 t and vicinity, W. L. McATBB. Btall. Biol. 
Soc. Washington 1 : 1-142, maps 5. 1918. 

The purposes of this publication are to present a brief biological 
history of the District of Columbia, to point out the best places for 
field work, and to supply geographical assistance. The earliest obser- 
vation on the natural history of the r^on was made by Captain John 
Smith in the year 1608, who reported several kinds of mammals from 
this region, particularly bears and deer. The first information regarding 
the botany is furnished by Petiver, who in 1698 published some notes 
on plants sent him from Maryland. The first formal list of the plants 
of the District of Columbia was published in 1816, and from the 142 
species then credited to this region, the list has increased until at the 
present time there are approximatdiy 1600 species known from the 
vidnity of Washington. 

Insects, of course, are more numerous here than any other group of 
animals, and beetles alone number 3000. Several hundred species, 
chiefly Diptera and Hymenoptera, have been described from material 
collected near Washington, Of other invertebrates there are known 
from the District of Columbia, 90 species of mollusks, 308 species of 
spiders, 10 phalangids, and 246 rotifers. Among the vertebrates, 
fidies have received more attention than any other group except birds, 
and there are now 94 species recorded from this region, several of which 
were described from local specimens. Owing to the presence of tide- 
water, a ntunber of salt-water fishes are found there. Of batrachians 
there are 27 spedes, and of reptiles, 36. The birds of the District have 
been more carefully studied than any other group of vertebrates, and 
there is now a list of some 300 spedes and subspedes. Of mammals 
there are 41 spedes, 3 of which were originally described from spedmens 
obtained near Washington. It is of interest to note that within his- 
toric times, the buffalo, elk, and puma were to be found near what is now 
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the City of Washington. The Indians of Algonquina stock who in- 
habited this region, all abandoned it about the year 1700. 

The Fall Tine, separating the Piedmont Plateau from the Coastal 
Plain, runs through the District of Columbia and acts as a more or less 
definite faunal barrier, most so in the case of plants and insects. An- 
other interesting feature of this region is the numerous magnolia bogs 
and their relation to the pine barrens of New Jersey. Careful study 
of these bogs has shown that they possess a large percentage of the 
characteristic pine-barren plants, and that they now harbor these sur- 
vivors of the plant waves that accompanied the successive depressions 
of the Atlantic Coast region. Furthermore, the absence of pine barrens 
from the District of Columbia is due only to the absence of extensive 
areas of suitable soil deposits. Other types of collecting ground about 
Washington, with mention of localities where sudi are to be found, 
together with some of the more dearable plants and animals to be ob- 
tained at each, are also given. One of the dbief features of this bulletin 
is an indexed edition of the recent United States Geological Surv^ 
map of the District of Columbia and vicinity, to which a detailed index 
furnishes a ready means of reference. All the old collecting spots, 
archaeological sites, and the minor topographical details, are indicated, 
and it is thus possible to locate any place of biological or other interest 
in this region. Harry C. Obbrholser. 

GEOGRAPHY . — The Canning Rmr region^ northern Alaska. ErnbST 

DK K. TEWiNGwi^nL. U. S. Geol. Survey Prof. Paper No. 109 . 

Pp. 245. Pis. 35, figs. 33. 1919. 

The report deals chiefly with the geography and geology of an area 
about 70 miles square south of Camden Bay on the Arctic coast of 
Alaska. In addition it gives facts and interpretations rdating to many 
problems in other fidds of sdence. 

Under geography are described the Franklin mountains, Romanzof 
mountains, and some other parts of the Arctic mountain S3rstem. 
North of the motmtains is the Anaktuvuk Plateau, a rolling tundra 
upland that slopes gradually seaward. The flat and almost featurdess 
coastal plain rises very gradually from the Arctic Ocean southward to the 
Anaktuvuk Plateau. The coast line is generally straight and the land 
very low. The shore is diaracterized by low mud banks, shallow 
lagoons, sand spits, islands, and mud flats. Maps accompan}dng the 
reports present the first accurate chart of the north Arctic coast of 
Alaska from Martins Point to Colville River. In the mountains the 
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rivers flow tlirougli marked glaxial troughs; in the upland through 
wide valleys; and in the costal plain nearly at the surface of the tundra. 
Canning River is 120 miles long; other large streams of the area are the 
Okpilak, Hulahula, and Sadlerochit. 

Under Geology are described: Paleozoic, Mesozoic and Cenozoic 
rocks. Pleistocene glaciers extended from the mountains wdl down the 
valleys but did not reach the coast. Present gladers are confined to the 
higher mountain valleys. 

The occurrence of ground ice is described and the literature of this 
subject reviewed in considerable detail. The author condudes that the 
two varieties of ground ice most common in northern Alaska are formed 
by the burial of river ice by sediments, and the growth in place of ver- 
tical ice wedges. J. T. Pardss. 

MYCOLCXJY. — Further data on the susceptibility of ndaceous plants 
to citrus-canker. H. Atherton Leb. Joum. Agr. Res. 15 : 
661-^65. 1918. 

Inoculation tests made in the Philippine Islands with Pseudominas 
citri upon 24 spedes representing 20 genera of the family Rutaceae, show 
that 19 of the species are susceptible in greater or less degree. It thus 
appears that dtrus-canker is not dosdy limited to the genus Citrus, 
but has a wide range of hosts among the Rutaceae. 

Severinia btaxnfolia, Aegle marmelos^ and Balsamocitrus gabonensis 
all dose rdatives of Citrus, may safdy be called immune to dtrus 
canker. Xanthoxylum rhetsa and Triphasia trifolia seem to be immune. 

Chaleos {Murraya) exotica^ Atalantia disticha, and Fortunella {Citrus) 
japonica, also dosely related to the genus Citrus, are strongly resistant 
to dtrus-canker. 

Claucena lansiunh Feronia limonia, Fermiiella ludda, Chaetospennum 
gluUnosum^ Hespereihusa crenuloda^ Paramignya longipedunculata, CU* 
TOpsis schweinfurthii, Atlantia citrioideSt Eremocitrus glauca, Fortunella 
hindsii, Microdtms australis^ M. australasica, Toddalia asialica, Evodia 
ridleyei, E. latifolia, and Melicope triphylla, of different rdationships to 
the gentis Citrus, all produce positive results when inoculated with 
Pseudomonas dtri, at needle punctures. Of these, Claucena lansium 
and Feronia limonia devdop infection very slowly, the others fairly 
qtdddy. 

Chaetospermum glutinosa shows naturally occurring infections of 
dtrus-canker and in the Philippines its susceptibility is eadly greater 
than that of the sweet orange {Citrus sinensis). Fortunella hindsii 
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occurs naturally in South China, very much isolated from sources of 
dtrus-canker infection. The abundance of cankers found on such 
trees gives rise to the theory that this species may have been an original 
wild host from whidi dtrus-canker spread to cultivated spedes. 

H. R. Fulton. 


MYCOLOGY . — TJte parasitism, morphology, a-nd cytology of Cronar- 
tium libicola Fischer. Reginald H. Collby. Joum. Agr. 
Res. 15: 619-659. Pis. 48-53. December 23, 1918. 

In the white pine the mycelium of the fungus makes its way between 
the cdls of the phloem tissue, passes into the ^lem along the rays, 
and in some instances works its way between trachdds. The severe 
damage to the tree attacked results from the driving out of the bark 
afta* formation of the aeda and a consequent girdling action. Before 
spore formation, the pine cdls are quite tolerant of the presence of the 
hyphae of the paradte. The mycdium in Ribes leaves is scattered; 
haustoria are much less prominent and abundant than on the mycdium 
in the pine host. The damage to Ribes varies greatly according to the 
susceptibility of the spedes. 

Pycnia are formed in broad layers just imder the outer cork layers of 
the bark. The aeda, more deeply seated than the pycnia, are formed 
on the same general area as the pycnia, following the latter by one 
season. The aedal petidium is three to five cdls thick. Uredinia are 
formed on the lower surface of the infected Ribes leaves, and are at 
first covered by a petidium one cell in thickness. 'Die tdiospores are 
produced in columns which in their young stages are identical with the 
young stages of the uredinia, having the same type of peridium. Every 
teliospore in the column may germinate. 

The cytological processes agree very dosdy with those observed by 
previous investigators on other rusts. At the inception of the dikaryon 
at the base of theaedum,the union of two fertile cdls regularly occurs, 
but a number of cases were observed where several cdls formed a large 
placenta-like unit from which the aedospore chains appeared to arise. 
The similarity of the processes of conjugate division in the dikaryon 
in the aeda, uredinia, andtdia, suggests a stability of nudear material 
throughout the dikaryon. The presence of centrosomes in the nudei, 
and occturence of a number of chromesomes in excess of two, is dis- 
cussed and illustrated very fully. R. H. C. 
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MYCOLOGY . — Physoderma disease of com, W. H. Tisdau^. Joum. 
Agr. Res. 16 : 137-154. 1919. 

The Physoderma disease of com, which was discovered by Shaw in 
India in 1910 and by Barrett in the State of Illinois in 1911, is now 
known to be more or less prevalent throughout the United States as far 
westward as central Texas and Nebraska, and northward to southern 
Minnesota and New Jersey. It causes little damage except in the South 
Atlantic and Gulf Coast States and in the lower Mississippi Vallqr, 
where there is considerable rainfall accompanied by high temperatures. 
In these localities there may be as much as 10 per cent loss of grain. 

At a distance the disease has the appearance of a true rust, but on 
dose observation the two can be easily distinguished. The small red- 
dish-brown spots on the blades, whidi are sddom more tha n i mm. 
in diameter, often coalesce to give the blade a rusty appearance. On 
the midrib, sheath, and culm, the spots are often as much as 5 mm. in 
diameter and may be almost black, due to the abxmdant production of 
dark brown sporangia in the tissues. The parenchyma tissues of the 
sheath may be entirdy destroyed, leaving nothing but a shredlike mass 
of vascular fibers in the later stages. Plants have been seen to break 
over before maturity, due to a girdling of the lower nodes by the fungus. 

The invaded cells are filled with dark brown zoosporangia, which live 
over winter in the old diseased plants and in the soil. These sporangia 
are carried by wind and spattering water to the young plants the fol- 
lowing season where they are lodged behind the sheaths and in the 
buds. With sufficient free water and a high temperature (23 ^ to 30 ® C.) 
they germinate by producing numerous unicnliate zoospores which come 
to rest in from one to two hours and germinate by threadlike h3rphae 
which penetrate the epidermis of the host, invade a number of cells, and 
produce ’^thin them a large number of sporangia which make the disease 
evident. 

The most probable means of control are careful sanitation and crop 
rotation. W. H. T. 

MYCOLOGY . — Apple scald, Chari^i^s Brooks, J. S. CooliSy, and 
D. F. PiSHieR. Joum. Agr. Res. 16:195-217. 1919. 

Apple scald is a transportation and storage disease of apples. Green 
apples are more susceptible to the disease than mature ones, and apples 
from heavily irrigated trees more susceptible than those from trees 
receiving more moderate irrigation. The rapidity of the development 
of the disease increases with a rise in temperature up to 15® or 20® C. 



abstracts: phytochemistry 


379 


Stirring the storage air has been found entirely to prevent the develop- 
ment of scald. Thorough aeration during the first eight weeks of 
storage was found more valuable than later ones. Apples packed in 
boxes or ventilated barrels have scalded less than those in tight barrels, 
especially when the storage room received an occasional ventilation. 
Ordinary apple wrappers have had no effect on apple scald, and paraffin 
wrappers but little, but wrappers soaked in various oils and fats have 
entirdy prevented the disease. Accumulations of carbon dioxide (i 
to 6 per cent) have not favored the devdopment of scald but tended to 
prevent it. The experimental results indicate that apple scald is due 
to volatile or gaseous substances other than carbon dioxide which are 
produced by the apples themsdves. They can be carried away by 
air currents or taken up by various absorbents. C. B. 

PHYTOCHEMISTRY. — The distribution and characters of some of the 
odorous principles of plants.^ Erederick B. Power. Joum. Ind. 
Eng. Chem. 11: 344-352. April, 1919. 

In this paper, which does not permit of a comprehensive abstract, 
the author indicates the chemical characters of the great variety of 
compotmds to which the odor of plants is due, the distribution of these 
compoimds among the different plants, and the methods by which they 
are obtained. Among the cryptogamotis or flowerless plants, such as 
the algae, fungi, lichens, and ferns, there are very few which possess 
any marked or distinctive odor, whereas the phanerogamous or flowering 
plants cjontain such an exceedingly large number of odorous substanc^es 
as to preciude a complete enumeration of them. These substances, 
many of which have been the subject of extended chemical study, are 
of such a diverse character as to indude representatives of practically 
all the prindpal groups of organic compounds, comprising, for example, 
the hydrocarbons, alcohols, aldehydes, ketones, phenols and phenol 
ethers, adds, esters, and lactones. The odorous products of the plant 
are generally obtained by a process of steam distillation, and are then 
commonly known as essential oils or volatile oils, most of which are 
more or less complex mixtures, although frequently one constituent of 
them may largely predominate. Some of the essential oils are obtained 
by expression, such as those of the dtrus fruits, notably the orange, 
lemon, and bergamot. In some cases the odorous prindples of plants 

^ Abstract of an address of the retiring president of the Chemical Society of Wa^- 
ington. Delivered before a joint meeting of the Chemical Sodety and the Wadi- 
ington Academy of Sdences, January 9, 19x9. 
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are of so ddicate a nature that they can only be obtained in a tangible 
form by a process of maceration with a purified fat, known as enfleurage, 
whereby the perfume is absorbed and may subsequently be extracted 
with alcohol. As examples of this dass there may be mentioned the 
flowers of the violet, jasmine, tuberose, jonquil, lily of the valley, and 
mignonette. 

The various families of plants which have been considered by the 
author for the purpose of illustral^n indude the Coniferae, Gramineae, 
Palmae^ Liliaceae, Iridaceae, Zingiberaceae, Orchidaceae, Aristolochi- 
aceae, Annofiaceae, Myristicaceae^ Lauraceae, Cruciferae, Rosaceaet 
Geraniaceae, Myrtaceae, Umbelliferae, Ericaceae, Labiatae, and Cotn- 
positae. In connection with these groups numerous volatile products 
have been described with reference to the chemical character of thdr 
individual constituents. The preparation by S3nthetic methods of 
some of the odorous substances which occur in nature, or of compounds 
rdated to them whidi are largdy used in perfumery, has also recdved 
consideration. F. B. P. 

SPECTROPHOTOMETRY. — The ultra-violet a^id visible transmissimi 
of eye-protective glasses, E. S. Gibson and H. J. McNiCHonAS. 
Bur. Stand. Tech. Paper No. 119. Pp. 47. 1919. 

Many glasses are on the market and extensivdy advertised to pro- 
tect the eyes from injurious radiant energy. Unfortunately, but little 
authoritative information concerning the properties of these glasses 
has been available. The public and even oculists and physicians 
have had little to guide them in sdecting such glasses except the daims 
of makers and agents. One purpose of such glasses is to absorb the 
injurious radiant energy which is emitted along with the light from 
certain lamps, as wdl as from wdding arcs and industrial furnaces, 
while transmitting suflfident light for vision. They thus act as filters. 
Another purpose in certain cases may be to absorb part of the light 
so as to reduce a blinding brilliance. Glasses of different types are 
required for different needs. The degree to which these glasses actually 
fulfill their avowed purpose can only be determined by measturements 
of their "‘transmission” (f. e., the ratio of transmitted energy to the 
energy falling on them) for the various forms of radiant energy in 
question- This paper gives the results of such measurements made 
on a great number of glasses now on the American market. A sug- 
gested specification for eye-protective glasses is given. E. S. G. 
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TECHNOLOGY. — Silica refractories. Factors affecting their' quality 
and methods of testing the raw materials and finished ware. Donato 
W. Ross. Bur. Stand. Tech. Paper No. 116. Pp. 84. 1919. 

The quartz or amorphous silica of raw silica brick is gradually 
transformed to crystal forms of lower specific gravity when the bricks 
are burned during manufacture, and when subsequently heated in 
use. Dr. C. N. Eetmer, of the Geophysical Laboratory of the Carnegie 
Institution, laid the fotmdations for the study of the silica refractories 
by wcrrldng out the physico-chemical properties of the silica minerals. 
Mr. Spotts McDowell applied the results of this work in a study of 
the permanent, crystal changes taking place in silica refractories on 
being heated to temperatures usually attained in manufacture. He 
also studied the effect of such changes on the strength of the brick, and 
its tendency to spall (fly apart) when rapidly heated or cooled. 

The writer took up Ihe work at this point, in the hope of obtaining 
some practical applications. He has studied the changes in volume, 
poroaty, and true specific gravity of most of the leading commercial 
brands of silica brick, and of the raw materials from which they are 
made, in conjunction with the crystal changes. The volume, porosity, 
and specific-gravity changes were obtained by computation from the 
dry weight of a piece, its weight when saturated with water, and its 
weight when suspended in water. 

The porosities of the quartzites in conjunction with their appearance 
tmder the microscope, indicate that impervious, highly metamcnphosed 
quarhdtes, having tightly interlocking grains, are more apt to be suit- 
able for the manufacture of silica, brick than porous quartzites whick 
have rounded grains. The changes taking place on heating indicate that 
the best bricks would be produced in manufacture by an extended 
heating between 1250° C. and 1350° C. and a final gradual rise to 
higher temperatures. From the studies on commercial brick, it has 
been determined that the true specific gravity of a silica brick is a direct 
measure of the degree to which the brick has been burned, and in con- 
junction with the porosity, indicates approximately what the subse- 
quent expannon of the brick in use will be. Thus, by a simple pro- 
cedure, the manufacturer cnti keep an accurate dheck on the nature of 
the silica brick he is tumiog out, and in the same way the consumer 
can determine what to expect from them in use. D. W. R. 



PROCEEDINGS OF THE ACADEMY AND AFFIDATED 

SOCIETIES 

GEOLOGICAL society OF WASHINGTON 

The 334th meeting of the Sode^ was held in the Auditorium of the 
Cosmos Club on W^esday evening, April 9, 1919, at 8.00 p- m. 

Program 

C. E- Van OsIrakd: Temperatures in some deep wells in the United 
States. 

During the past few years observations of temperature have been 
made in deep wells located in Texas, OMahoma, Pennsylvania and West 
Virginia. The apparatus used in making the tests was capable of an 
accuracy of about 0.2 or 0.3® F, for depths of about 4000 feet; while 
for greater depths the error may have risen in a few instances to 0.5 ® F. 

The depth temperature curves, instead of being a straight line, as 
would be expected from cosmological hypotheses, are genemy curves 
'with a marked convexity toward the axis of deptL In the case of the 
Goff Wdl, for example, the rate of temperature increase varies contin- 
uously from I® F. in 97.5 feet at the surface, to i® F. in 46.5 feet over 
the interval, 6000 to 7000 feet. 

Tempantures at the same depth in the Texas and Oklahoma fidds, 
differ widdy from those in Penn^lvania and West Virginia. The tem- 
perature of the oil in two wdls near Manniagton, West Vtiginia, is 
83. 2® F. at a depth of about 2900 feet. No record of oil temperature 
was obtained in the Southwestern fidds but an extension to a depth of 
3400 feet of the depth temperature cun^es of five wdls in the vicinity 
of Ranger, Texas, indicates that the temperature of the oil in the rocks 
is about 135® F. The average rate of t^perature increase at the sur- 
face for thirteen wdls in Texas and Oklahoma, is 1° F. in 51.5 =*» 0.8 
feet; the same for twdve wells in Pennsylvania and West Virignia is 
I® F. in 91.5 =1= 1.2 feet. 

E. W. Brrrv: Present tendencies in paleontology . — ^It is difScult to 
get into a suffidently detached frame of mind correctly to visualize 
&e true podtion of ^e United States in the present status of paleon- 
tology. We undoubtedly exhibit a provincialism and a radicalism 
that goes with young nations as with young indirfduals. The future 
bdongs to us if we keep our ideals high enough. The paleontologic 
sun is setting m Europe while the dawn is just breaking in America. 

Progress in paleontology can only result from tlie action and reaction 
of the two paralld lines of human endeavor, namdy, the accumula- 
tion of facts through exploration, research, and discov^, and the dud- 
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dation of the accumiilated facts tlirough advances in philosophic in- 
terpretation. The acctmnilation of facts usually far outruns their in- 
t^retation. Stratigraphic paleontology cannot be divorced from 
biological paleontology without becoming sterile. Hisotorical geology 
is the idea we strive for. Loosely drawn genera and species are no 
longer useful. Progress depends on research. True research does not 
depend on subject matter but on method. I would wish to depreciate 
the tendency, rampant throughout the world, to seek a justification for 
research as a means towards some economic end. If the elucidation of 
each history and the origin and evolution of life on the globe are not 
of prime importance as ends in themselves; if the whence, and the why, 
and the whither are not supreme, then indeed has our lot fallen among 
evil days. I venture to hope that research will increase in both quality 
and amount, and that the day will speedily arrive when a first rate 
paleontologist can command a fair income in the successful practice 
of his profession. 

E. T. Wherry: So^ne practical applications of crystallography . — 
This paper comprised illustrations of the application of petrographic 
methods to certain chemical problems, including the identification in 
foods of crystalline substances, such as magnesium ammonium phos- 
phate which had been mistaken for glass; the control of the manufac- 
ture of explosives and dyes by optic^ study of their crystals; and the 
recognition of the nature of a peculiar type of aystallization in honey. 
It was illustrated by lantern slides made from photomicrographs. 

The 335th meeting of the Society was held in the Auditorium of the 
Cosmos Club on Wednesday, April 23, 1919, at 8.00 p. m. 

Program 

G. W. Stose: Manganese deposits of the Appalachian Valley of 
Virginia and Tennessee, — The manganese depotits of the Appalachian 
Valley lie chiefly along its eastern border, but some occur within the 
open valley, and others among the ridges on the western side. The 
deposits are •chiefly replacement deposits in day and sand residual 
from disintegrated limestone and calcareous sandstone, and 10 differ- 
ent modes of occurrence have been observed. Eight of these are asso- 
dated with specific, geologic horizons, which range from earliest Cam- 
brian to the Carboniferous. Other deposits are along fault planes 
and in terraced stream gravels. Only i of the deposits is a carbonate 
ore, which replaces dolomite and slate. 

The condusions reached are that: i, the localization of the deposits 
at certain horizons, is due to their derivation from certain sedimentary 
beds which were somewhat richer in manganese than sediments gen- 
erally; 2, these richer zones occur at the base of formations and some 
are associated with glauconite, phosphate, eolean sand grains, and 
other detritus accompanying land waste at unconformities; 3, the 
original mineral was probably a carbonate of manganese, caldum, and 
iron; 4, the ores were concentrated by the solution of the original dis- 
seminated mineral, by meteoric waters, and redeposition in porous 
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layers or channels, replacing the sand and day of the rock; 5, this con- 
centration was favor^ by periods of long denudation and deep weath- 
ering and was therefore most extendve on old peneplain surfaces; 6, 
the purity of the ore is controlled largely by the purity of the rock re- 
placed; 7, some of the richer mirier^ were apparentiiy derived from 
other minerals by dehydration after deposition, and some psilomdane 
appears to have been deposited with quartz while it was in a gelatinous 
state; 8, only one of the deposits, whidi passes downward into car- 
bonate ore, was a replacement of the bedrock bdow the zone of sur- 
face weathering. 

H. D. Miser: Manganese deposits of the Batesville district, Arkansas. 
— The manganese ores consist of oiddes and generally occur in irregular 
diaped masses from less than one pound to 22 tons in weight, with 
rough surfaces. Most of the masses are in day; the others are in lime- 
stone, shale, chert, and sandstone, and there is much evidence that the 
manganese oxides of which the masses are composed have replaced all 
of these indosing materials. The oxides have been derived from man- 
ganese-bearing carbonates near the surface and do not extend below 
the permanent water level of the district. The workable deposits 
occur in the nearly horizontal Femvale limestone and Cason shale of 
Ordovidan age and in reddual days which were mainly derived from 
these two formations. Most of tie masses in the days are residual, 
having been freed from the above-named formations by tiieir decomposi- 
tion; Sie others have been formed by the replacement of the days by 
manganese oxides. 

The Cason shale was laid down in shallow marine waters on an old 
land surface and was probably the source of all of the manganese. 
The manganese was apparently deposited as a carbonate in the shale, 
and since then there have been two prindpal periods of reconcentra- 
tion, the first taking place during one or more of several stages of emerg- 
ence and erosion that occurred between the Ordovidan and Carboniferous 
periods, and the other about the time of the completion- of the Upper 
Cretaceous or early Tertiary peneplain whose approximate devation 
is marked by many of the even-crested hills of the district. During 
both periods the manganese was concentrated in the Cason shale 
and much of it was carried in solution from the shale down into the 
Femvale limestone. S>ndines were present during the earlier period, 
as well as the last one, and they probably offered favorable conditions 
for the concentration of the manganese ores, as is shown by the fact 
that most of the ores occur in syndines. 

E. L. Jones, Jr.: Manganese deposits of the Colorado River 
Desert Region. — Deposits of manganese ore have been recently ex- 
ploited in the desert region adjacent to Colorado River, that extends 
from the Big Bend near Las Vegas, Nevada, to Yuma, Arizona. 

The deposits are fillings in veins and brecdated zones and replace- 
ment deposits. The veins and brecdated zones cut all the rocks of 
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the region ranging from schist and granite of pre-Cambrian age to 
basalt and conglomerate of Quaternary age, and the replacement de- 
poats are in sandstone and tuff beds of Tertiary age. The ores con- 
sist of the oxides psilomelane, p^u-olusite, manganite, and wad. Cal- 
cite generally accompanies the manganese oxides, and iron oxides, 
barites, and gypsum occur in some of the deposits. Quartz does not 
occur except as a constituent of rock fragments inclosed in the veins 
and as unreplaced grains of the sandstone. The source of the man- 
ganese oxides is obscure but in some of the deposits the manganese 
oxides are believed to have been derived from the decomposition of 
manganiferous minerals in overlying rocks and deposits by meteoric 
waters. In other deposits the ore bodies may be residual from man- 
ganiferous calcite deposited by rising hot solutions in the fissures. 

J. T. PardbE: Manganese deposits of the Northwestern States . — 
At Butte, Montana, lodes formed along steeply pitching fractures in 
granite are characterized by manganese minerals in a zone peripheral 
to the central copper zone. The arrangement of these zones suggests 
a central deep source from which the metals were carried upward and 
outward. Rhodochrosite, the carbonate of manganese, forms work- 
able bodies from which more than 60,000 tons of ore were mined in 
1918. At Philipsburg, Montana, lodes cut Paleozoic limestone and 
intrusive granite. In the limestone near the granite, large irregular 
chambers filled with manganese oxides are found ^ong the lodes. 
During 1918 and 1919 they yielded more than 200,000 tons of high 
grade ore. The manganese oxides are derived from the oxidation of 
rhodochrosite which was introduced during a late phase of the lode 
mineralization. Small deposits of the same origin as those at Butte 
and Philipsburg occur in the Tintic and Erickson districts, Utah; 
the Siegel and Ely districts, Nevada; Pleasant Valley, Oregon; and 
Omak, Washington. 

Deports at several other places belong to a class whose manganese 
was derived from more or less disseminated or obscure soturces. The 
extensive deposits in the Olympic moimtains of Washinrton are possi- 
bly of sedimentary origin though they have been greaty modified by 
regional metamorphism. The deposits near Green River, Utah, were 
concentrated during the weathering of a manganese-bearing lime- 
stone bed in the McEhno formation, 

E. F. Bxjrchard; Managanese-ore deposits of Cuba . — ^Manganese 
ore is found in Cuba, in Oriente, Santa Clara, and Pinar del Rio Pro- 
vinces, but in Oriente Province only does it occur in large commercial 
quantities. In Oriente the important deposits are in two areas, one 
north of Santiago de Cuba, the other south of Bayamo. 

The manganese ore of Oriente occurs in proximity to areas of vol- 
canic rock, but the deposits of the other two provinces, which are small 
and unimportant, are remote from volcanic areas. The ore is fotmd 
in the oxidized zone, mainly near the surface, but in places extends be 
low groundwater level. The deposits are in sedimentary rocks of 
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Upper Eocene age, such, as foraminiferal limestone, shaly, glauconitic 
sandstone, conglomerate, and waterlaid andesitic tafif, and in igneous 
rocks such as latite-porphyry and latite. Eocene time was Aarac- 
terized in the area of Oriente Province chiefly by subsidence, with 
active volcanoes, causing interbedding of volcanic and sedimentary 
rock. 

The ore consists of some or all of the oxides pyrolusite, psilomdane, 
manganite, and wad, and braunite has been noted, but as a rule the 
individual minerals are not readily distinguished. The deposits are 
of three general types according to Iheir associations : deposits in bedded 
rocks, deposits in irregular siliceous masses (jasper, bayate) that occupy 
openings in both sedimentary and igneous rock, and deposits of nodules 
and fragments in day. The ‘‘bedded** deposits comprise several varie- 
ties, one of the most common having been formed by partial replace- 
ment by naanganese oxides of portions of tuff beds, md consisting of 
poorly consolidated, tuffaceous material, granules of pink day, zeolites, 
and manganese oxides. Other bedded deposits are replacements of 
limestone, sandstone, and conglomerate, and a fossil bog was noted. 

The proximtity of volcanic rocks to the manganese-bearing areas, 
and the broader structural rdations, suggest the possibility ttat the 
manganese was derived from volcanic rocks of the Sierra Maestra 
Motmtains, transported by artesian waters, together with silica and 
deposited in the porous tuff strata and as masses of manganiferous 
jasper in joints and fissures in the limestone and glauconitic sand- 
stone. The jasper and bedded tuff, in weathering, have contributed 
the manganese that is now found in the other rodcs and in detrital 
deposits. 

D. F. Hbwett: Stmmtary , — ^Most manganese deposits offer two 
rather distinct problems: (i) that which is concerned with the fea- 
tures, source, manner of deposition, and distribution of certain prim^ 
minerals, only a few of whidi are useful in the arts, and (2) that which 
is concerned with the features, source, manner of deposition, and dis- 
tribution of certain secondary oxide minerals which are derived from 
the primary minerals and are highly useful. 

Recent work shows, although the common primary manganese 
minerals, such as carbonates, silicates, and sulphides are widely found 
in deposits that are associated with igneous intrusions, there are a 
number of poorly defined manganiferous carbonates and silicates 
that are laid down with sediments. In some places these minerals 
form concretions in the sediments but elsewhere they appear to be 
uniformly distributed in thin zones. 

Although the higher oxides and hydrous oxides of manganese appear 
to be deposited in the belt of weathering only, the lower oxides are 
apparently deposited under conditions found bdow the bdt of weath- 
ering, or may be formed when the higher oxides are affected by regional 
metamorphism. 
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Large bodies of the higher oxides and hydrous oxides of manganese, 
accumulate near localized bodies of carbonates and silicates when 
these are thoroughly weathered. In several regions, however, the 
occurrence of many manganese oxide deposits on the remnants of old 
erosion surfaces where the nearby sedimentary rodm are deeply weath- 
ered and the sources of the manganese are consequently obscure, indi- 
cates that under conditions of peneplanation there is an opportunity 
to accommodate in small areas the manganese that was formerly 
widely disseminated through the rocks. 

R. W. Stone, Secretary, 



SCIENTIFIC NOTES AND NEWS 

INTERNATIONAL SCIENTIFIC ORGANIZATIONS 

A meeting to organize an International Research Cotmdl is being 
hdd at Brussels beginning July iS, 1919. Ddegates -mil be pr^ent 
from the National Research Council of this country, and from similar 
organizations in the various countries which have been associated with 
the United States during the recent war. The question of the admission 
of neutral countries wBl be brought before tire meeting. Countries 
which have not organized a research coundl will be represented by 
ddegates from their national academies. 

The ddegates from the United States of America are; W. W. Camp- 
BBti., Chairman, Chairman of American Dd^ation, International As- 
tronomical Union; H. M. Howe, Scientific Attach^ at Paris, also repre- 
senting Engineering; C. E. Mbndbnhaei,, Sdentific Attach^ at Lon- 
don, dso representing Physics; H. S. Washington, Sdentific Attach^ 
at Rome, also representing Geology ; Wm. Bowie, Chairman of American 
Delegation, Intemationd Geophj^ical Union; E. W. Washbubn, 
Chairman of American Ddegation, International Chemical Union; 
W. S. Thayer, representing Medicine; John C. Penny, representing 
Patents; D. W. Johnson, representing Geography; H. F. Moore, 
representing Biology and Fisheries. 

A meeting to organize an International Chemical Union was held 
in London on July 15. The American dd^tes to this meeting were: 
E. W. Washburn, Chairman-, Edwa3RD Bartow, F. G. Cottreei,, 
Chas. L. Parsons, Jm,ius Sttegeitz, H. S. Washington; Alternates: 
A. B. Lamb and Jas. F. Norris. 

An International Astronomical Union and an International Geo- 
physical Union will be organized durit^ the meeting at Brussels. It 
is planned to have these organizations take over the various interna- 
tional astronomical and geodetic committees which were in existence 
before the outbreak of the European war. Meetings of the Amer- 
ican sections of these two unions were held at the National Re- 
search Coundl in Washington on June 23-25, at which the follow- 
ing delegates were selected: Astronomical Union, W. W. CampbELE, 
Chairman-, W. S. Adams, S. I. Bailey, Benjamin Boss, W. S. Eichel- 
BERGER, Philip Fox, W. J. Humphreys, S. A. Mitchell, F. R. Moul- 
ton, H. N. Russell, Frank Schlesingbr, C. E. St. John, F. H. 
Seares, Joel Stbbbins; Geophysical Union, Wm. Bowie, Chairman-, L. 
A. Bauer, H. C. Graves, A. 0. Leuschner, G. W. Littlbhalbs, C. F. 
Marvin, H. F. Reid, Edward Simpson, J. T. Watkins; Alternates: 
W. J. Humphreys, J. F. Hayford, W. J. Peters. 

The provisional officers of the American sections of these two iminns 
are as follows: Astronomical Union, W. W. Campbell, CMrman ; 
Joel Stbbbins, Secretary-, Geophysical Union, William Bowie, Chair- 
man; H. O. Wood, Secretary. 

Conferences on the question of forming international organizations in 
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medicine, mathematics, geology, geography, biology, fisheries, and 
patents will be held in connection with the Brussels meetings. 

The plan of voting suggested for the international council and the 
international unions is: One vote for nations having a poptdation 
of less than five million, one vote additional for each additional five 
million of population or fraction thereof, except that nations having 
over twenty million have five votes only. The colonies of Great 
Britain will probably vote as separate nations. 

THE TARIFF ON SCIENTIFIC SUPPLIES 

Hearings were held on the three bills concerned with the tariff on 
chemical and optical glassware and scientific apparatus (H. R. 3734, 
3735, and 4386) before the Committee on Ways and Means of tiie 
House of Representatives on June ii-‘i3, 1919. Representative J. W. 
Fordnby, of Michigan, Chairman of the Committee, presided. Among 
those who testified at the hearing were: representatives of the glass 
workers’ unions; representatives of the manufacturers of chemical 
glassware, chemical porcelain, optical instruments, and scientific ap- 
paratus in general; and Dr. ChaiUvBS H. Herty, Editor of the Journal 
of Industrial and Engineering Chemistry, Dr. W. F. HiixEbrand, of 
the Bureau of Standards, Mr. H. E. Howe, of the National Researdi 
Council, Dr. Charees L- Parsons, Secretary of the American Chem- 
ical Society, Lieut. Col. M. A. Reasoner, of the Field Medical Supply 
Depot, U. S. A., Col. J. K. Rxjtherrord, Ordnance Dept., U. S. A., 
and Mr. F. J. Sheridan, of the U. S. Tariff Commission. Practically 
all the evidence was in favor of the removal of the duty-free importa- 
tion privilege, and the imposition of whatever tariffs might be necessary 
to insure ^ establishment of the scientific apparatus and diemical 
glassware industries in the United States. 

As these bills are of direct interest to all scientists and scientific in- 
stitutions, the essential paragraphs of the bills are reproduced below: 

H, R. 3734. (Introduced by Mr. Bacharach, of New Jersey, on 
May 28, 1919.) A Bill to provide revenue for the Government and to 
establish and maintain the manufacture of optical glassware in the 
United States. Be it enacted by the Senate and House of Representa- 
tives of the United States of America in Congress assembled, That on 
and after the day following the passage of this act, there shall be le\ied, 
collected, and paid upon the articles named herein when imported 
from any foreign country into the United States or any of its possessions, 
except the PMippine Islands and the islands of Guam and Tutuila, 
the rates of duties which are herein prescribed, namely: Glass plates or 
disks, rough cut or unwrought, for use in the manufacture of optical 
instruments, spectacles, and eyeglasses, suitable only for such use, as 
covered by paragraph 494 of the Tariff Act of October 3, 1913, 45 per 
centum ad valorem. And such articles and all scientific instruments 
in, which such articles as enumerated in said paragraph 494 are used, 
shall not be entitled to free entry under paragraph 573 of the above 
mentioned act. 
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H. R. 3735. (Introduced by Mr* Bacharach on May 28, 1919.) A 
Bin to provide revenue for the Government and to establish and mam- 
tain the manufacture of chemical glassware in the United States. Be 
it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That on and after the day 
following the passage of tibis act there shall be levied, collected, and 
paid upon the articles named herein when imported from any foreign 
country into the United States or any of its possessions, except the 
Philippine Islands and the idands of Guam and Tutuila, the rates of 
duties herein prescribed, namely: Glasswares and porcelain wares used 
in the sciences, and in laboratories, or selected for laboratories of chem- 
istry, physics, bacteriolo^, and biology, in their application to educa- 
tion, the industries, medicine, and the public health, including equipment 
for metallurgy, mineralogy, and testing of materials, and other similar 
uses, as covered by paragraphs 80 and 84 of the Tariff Act of October 
3, 1913, 60 per centum ad valorem. And such articles shall not be 
entitled to free entry imder paragraph 573 of the above-mentioned 
act. 

H. R. 4386. (Introduced by Mr. MoXT on June 2, 1919.) A Bill 
to provide revenue for the Government and to establish and maintain 
the manufacture of philosophical, scientific, and laboratory apparatus 
in the United States. Be it enacted by the Senate and House of Repre- 
sentatives of the United States of America in Congress assembled, 
That on and after the day following the passage of this act there shall 
be levied, collected, and paid upon the articles named herein, when im- 
ported from any foreign country into the United States or any of its 
possessions, except the Philippine Islands and the islands of Guam and 
Tutuila, the rates of duties which are herein prescribed, namely : Philoso- 
phical, scientific, and laboratory apparatus, utensils,, and instruments, 
and parts thereof, finished or unfini^ed, 60 per centum ad valorem. 

UNION OF SCIENTIFIC AND TECHNICAL WORKERS 

The following resolution was adopted by the convention of the 
American Federation of Labor, held at Atlantic City during the week of 
June 16-2 1 - The resolution was initiated by the (District of Columbia) 
Union of Federal Employees, with whidb. the scientific and technical 
workers are now affiliated,^ and was introduced into the convention 
jointly by the National Federation of Federal Employees and the 
American Federation of Teachers. 

Whekeas, Scientific research and the technical application of re- 
sults of research form a ftmdamental basis upon which the devdopment 
of our industries, manufacturing, agriculture, mining, and others 
must rest; and 

Whereas, The productivity of industry is greatly increased by the 
technical application of the results of sdentffic research in ph3rsics, 
chemistry, biology and geology, in engineering and agriculture, and in 

1 See this Jouhnai, 9: 303* May 19, 1919. 
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the related sciences; and the health and well-being not only of the work- 
ers but of the whole population as well, are dependent upon advances 
in medicine and sanitation, so that the value of scientific advancement 
to the welfare of the nation is many times greater than the cost of the 
necessary research; and 

Whereas, The increased productivity of industry resulting from 
scientific research is a most potent factor in the ever-increasing struggle 
of the workers to raise their standards of living, and the importance 
of this factor must steadily increase since there is a Umit beyond which 
the average standard of hving of the whole population cannot progress 
by the usual methods of readjustment, which limit can only be raised by 
research and the utilization of the rekilts of research in industry; and 

Whereas, There are numerous important and pressing problems of 
administration and regulation now faced by federal, state, and local 
governments, the wise solution of which depends upon sdentific and 
technical research; and 

Whereas, The war has brought home to all the nations engaged in it 
the overwhdming importance of science and technolo^ to national 
welfare, whether in war or in peace, and not only is private initiative 
attempting to organize far-reaching research in these fidds on a national 
scale, but in several countries governmental partidpation and support 
of such imdertakings are already active; therrfore be it 

ResoItVEd, By the American Federation of Labor in convention as- 
sembled, that a broad program of sdentific and technical research is of 
major importance to the national welfare and should be fostered in 
every way by the Federal Government, and that the activities of the 
Government itself in such research should be adequatdy and generously 
supported in order that the work may be greatly strengthened and 
extended; and the Secretary of the Federation is instructed to transmit 
copies of this resolution to the President of the United States, to the 
President pro tempo) e of the Senate, and to the Speaker of the House of 
Representatives. 

Notes 

A “Fixed Nitrogen Research Laboratory” has been organized in the 
Nitrate Di\ ision of the Ordnance Department, with headquarters at the 
American University, in buildings formerly occupied by the Chemical 
Warfare Service. Lieut. Col. A. B. Lamb, of lie Chemical Warfare 
Service, is director; Dr. R. C. Tol^lw, formerly of the Chemical War- 
fare Service, and Prof. W. C. Bray, of the University of Califorrda, are 
associate directors; and Dr. H. A. Curtis, formerly of the Nitrate 
Division, Ordnance Department, is executive officer. The work on the 
fixation of nitrogen carried on during the war in the Agricultural 
Department laboratories at Arlington, Virginia, the Geoph3rsic^ Labora- 
tory, and elsewhere, will be concentrated at the American University. 
In the absence of Col. Lamb in Europe, Dr. Tolman is acting director. 
At present the staff consists of fifty-five persons. 
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A series of deep-sea soundings off the southern Atlantic and Pacific 
coasts of the United States are provided for in the plans for all the 
Coast and Geodetic Sun^ey steamers which are being sent this summer to 
the Pacific coast. 

The offices of the National Research Council were removed on July i 
from 1023 Sixteenth Street to the building formerly occupied by the 
Navy League, at 1201 Sixteenth Street. 

In the course of the survey of the Florida Reefs by the U. S. Coast 
and Geodetic steamer Hydrographer (C. H. Ober, commanding), an 
improved t]Tpe of sounding tube has been tested during recent months 
in the deep waters of the Straits, with marked success. 

Dr. Graham Edgar, formerly secretary of the Washington office of the 
Research. Information Service^ National Research Council, and lately 
with the Nitrate Division, has been appointed professor of chemistry 
at the University of Virginia. 

Dr. W. S. Eicheeberger, of the Naval Obser\’atory, has been named 
as one of three American correspondents of the Bureau des Longi- 
tudes of Prance. 

Mr. C. 0. Ewing has resigned from the Bureau of Chemistry to accept 
the position of asastant chief chemist with the United Drug Company 
(Liggett-Rexall) at Boston, Massachusetts. 

Dr. L. J. GieeESPie, chemist in the Bureau of Plant Industry, has 
been appointed professor of physical chemistry in Syracuse University, 
Syracuse, New York. He assume the new position about Septem- 
bCT 1, 1919. 

Mr. WiLMAM B. Heroy resigned from the Geological Survey on July 
I, to accept a position on the editorial stafi of the Electrical World, 
published by the McGraw-Hill Company, in New York City. 

Mr. E. Lester Jones, chief of the Coast and Geodetic Survey, has 
been given the degree of Masta: of Arts by Princeton University, 

Director Van H. Manning, of the Bureau of Mines, received the 
honorary degree of Doctor of Engineering from the Univerrity of 
Pittsburgh in June. 

Dr. S. W. Stratton, director of the Bureau of Standards, was givai 
the honorary degree of Doctor of Sdence by Yale Univeraty in June. 

Major Clarence J. West, formerly of the Editorial Section, Chemical 
Warfare Service, will direct the newly-established Information De- 
partment of the laboratories of Arthur D. Little, Inc., Cambridge, 
Massachusetts. 

Mr. R. R. Williams resided from the Btureau of Chemistry, U. S. 
Department of Agriculture, in April and is now with the Mdco Chem- 
ical Company, 52 Vanderbilt Avenue, New York City, manufacturers 
of isopropyl and other secondary alcohols and their derivatives, in- 
cluding acetone and various esters. 
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radiotelegraphy — Calculation of antenna capacity, L. 

W Austin, U. S. Naval Radio Research Laboratory. 

The theoretical predetermination of antenna capacity has 
always, until recently, been a matter of great uncertainty. 
Professor Howe^ in 1914 published an article in the London 
Electrician giving methods for the calculation of capacities of 
elongated flat top antennas composed of parallel wires, and giving 
tables and curves making it posable easily to determine the 
capacities of small antennas of this type. In another article 
he later also gave formulas® for umbrella antennas. 

In 1915 Doctor L Cohen published antenna capacity formulas 
in the Electrical World.® Very recently in Circular No. 74, 
the Bureau of Standards^ gave formulas for elongated parallel 
wire antenna capacities which are in very fair agreement with 
observed values and also with the results of Professor Howe 
In all of these formulas, except where the results are given in 
curves and tables, the calculations are more or less laborious, 
and, of course, do not apply to antennas of other shapes than 
those mentioned 

It was discovered empirically during the past year that the 
capacity of all antemas not too elongated in shape and having 

1 Howb, G W O London Hlectrician 73; 829, 859, 906 1914 

*Op at 75; 870 1915 

• CoHBK, L Electrical World 65; 286 1915 

* Bur Stand Chr 74: 239 1918 
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their wires not too widely spaced, can be very approximately 
represented by the formula 

c = (4Va + 0.88 a/fe) X io“® (i) 

where c is the capacity, a the area, and h the mean height in micro- 
farads and meters. For antennas having a length I more than 
eight times the breadth ft, the above formula must be multiplied 
by an elongation factor, and we have 

c = (4^0 + 0.88 a/h) (i + 0.015 l/b) X io“® (2) 
Equation (i), while derived empirically, is in reality the sum 
of the usual expressions for the capacity of a disk in space and 
that for a two plate condenser, disregarding edge effect. These 
equations can be depended upon to give results correct in general 
to 10 per cent for tie antenna top, to which must be added the 
capacity of the downleads and that due to metal towers, etc. 
The poorest agreement is found in the case of umbrella antennas, 
where the amount of wire is often not sufficient to give full capacity. 

The closeness of wire spacing required to give approximately 
full capacity, differs very much with antennas of different shapes 
and sizes, the required spacing being doser the smaller the an- 
tenna. For long parallel wire antennas, this may be calculated 
from the Bureau of Standards formula ahready mentioned. In 
the case of some of the larger antennas, remarkably few wires 
are required. For example, on a certain triangular antenna 
about 300 meters on a side, flat tops composed of five wires about 
one meter apart, strung aroimd the sides of the triangle gave 
nearly 90 per cent of the capadty obtained when the whole tri- 
angular area was filled in. With parallel wire antennas of medium 
dimenaons, a spadng of one meter will generally insure over 90 
per cent of the possible capadty. 

Table i gives some observed values of capadty for dongated 
paralld wire antennas, and a comparison of the capadties calcu- 
lated according to the Bureau of Standards formula and equa- 
tion (2). The data for calculation are given bdow table i . 

Table 2 gives observed values of capadty for antennas of various 
diapes compared with the values calculated according to equa- 
tion (i). 
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TABLE I 

Elongated Parallel Wire Antennas — Capacity in Microfarads 

Calculated 


Antenna Types 

Observed 

Leads Observed 

Bst’d minus leads 

BS formula 

Eq. ( 2 ) 

I. Marconi “L” 

0.060 

0.007 

O.OS 3 

0.0542 

00545 

2. Medium Ship Type. . 

0.0020 

0.0006 

0.0014 

0.00147 

O.OOI51 

3. Portable Ship Type. , 

0.00040 

0.00006 

0.00034 

0.000335 

0.000350 

4. Model Marconi “L” . . 



0.00028 

0.000275 

0.000255 

length Breadth 

Data for Calculation 

Number of Diam.^ Area 

Height 

1 /b 

m m 

wires n 

ynm 

m* 

m 

1. 1830 160 

32 

10 

29.3-10^ 104 

II. 4 

2. 91.5 915 

11 

3 

8.38- 10* 49 

10 

3. 25.9 1.52 

6 

3 

39.4 

12 

17 

4. 18.3 0.406 

6 

2.5 

7.43 

1.52 

45 


^ Approximate wire diameter. 


TABLE 2 

Various Antenna Shapes — Capacity in Microfarads 


Antenna T3rpes 

Observed 

Leads 

Est*d 

Observed Calculated 
nunus leads Eq. ( 1 ) 

Area 

m* 

Height 

m 

5. 

Triangle 

0.0155 

0.003 

0.0125 

0.0129 

5.98- 10* 

170 

6 . 

Square 

0.0180 

0.003 

0.0150 

0.0136 

6.25 • lO* 

160 

7. 

Irregular 

0-038 

0.002 

0.0360 

0.0378 

26.8 . IO< 

137 

8. 

Triangle 

0.0065 

0.001 

0.0055 

0.0054 

1.156 10* 

91.5 

9 - 

Portable Triangle. . . 

0.00084 

00 

§ 

d 

d 

0.00085 

2.67- 10* 

12 

10. 

Model Triangle 



0.000075 

0.000068 

1.457 

0.633 

II. 

Model Circular Disk 



0.000135 

0.000125 

3.56 

0.635 

12. 

Umbrella 

0.016 

0.0015 

0.0145 

0.0147 

7.24. XO* 

162 

13 - 

Model Circular Disk 



0.000053 

0.000055 

0.933 

0.50 


The chief xmcertainty in the observed values of both tables 
lies in the estimation of the capacity of the downleads, etc. 
In the case of the models 4, 10, and 13, this was measured along 
with that due to the measuring instruments and subtracted from 
the observed values. 

In addition to its importance in radiotelegraphy, equation (i) 
has a more purely scientific interest, since it appears to represent 
the capacity of plate condensers in general for all values of plate 
separation provided one of the plates is grounded. The so-called 
edge effect is represented by the capacity in space term. The 
expression if exact for circular plates, should be nearly so for all 
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not too elongated forms. Experiments are now being carried on 
to verify these relations and the preliminary results indicate the 
correctness of the equation for all ratios of R/d, This part of the 
work will be published separately in the near future. 

CRYSTALLOGRAPHY.— crystallography and optical 
properties of the photographic sensitizing dye, pinaverdoL 
Edgar T. Wherry and Ei^diot Q. Adams, Bureau of Chem- 
istry. 

chemistry 

Pinaverdol is the trade name of a synthetic dyestuff^ related 
to quinoline, and used to sensitize the silver halide^ of photo- 
graphic plates to green and yellow light. Its structure is indicated 
by the name *‘i,i',6'-trimethyl-i5o-cyanine iodide.” “Cyanine 
iodide” is a tautomeric form of the hydriodide of 4 , 4 '-diquinolyl 



Quinoline 4,4* dicjuino^t methiine 



Hi cf^ 

c^Knlne lofllide ftnaverdol 


* A full description of the preparation and jiroperties of tliis substance -will appear 
In the Journal of Industrial and Engineering Chemistry. 

* **HaUde” is a general term compiling chloride, bromide, and iodide, ». 
binary salts derived from any of th^ halogens. 
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methane, and the isomeric "iso-cyanine iodide” is the corre- 
spondiag form of the hydriodide of 4,2'-diqumolyl methane — 
that is, it differs from cyanine iodide in that the second (or 
primed) quinoline nudeus is attached at the carbon atom ad- 
jacent to the nitrogen, instead of at the one diametrically op- 
posite. 

Prior to 1914 this dyestuff was made only in Germany, but 
is now being produced both in England and the United States. 
The present paper consists of a detailed description of the crys- 
tallography and optical properties worked out for the pmq)ose of 
testing the identity of these several preparations. 

CRYSTALI,OGRAPHY 

The crystals from different preparations of pinaverdol exhibit 
considerable variation in habit, ranging from markedly prismatic 
to thinly tabular. Orientation of the different types is made 
easy, however, by the brilliant and striking reflection-pleo- 
chroism present. There are two prominent zones of faces, Ijing 
at right angles to one another, and all of the forms in one of them 
reflect brass-ydlow light, while the dominant forms in the other 
yield beetle-green reflections. The former zone has been taken 
as the prismatic one, and the latter hdd right and left. The 
crystal system then proves to be monoclinic, although since the 
base lies but 1° 40' away from the pole of the prism zone, and 
the plus and minus orthodomes are often about equally de- 
veloped, it is decidedly dose to the rhombic S3rstem. According 
to current usage, it would perhaps be described as “pseudo- 
rhombic,” but it seems to the writers desirable to use prefixes 
which express more definitdy the true relationships,® In ac- 
cordance with the plan we have proposed, pinaverdol would be 
described as “lepto-monodinic, but peri-rhombic.” It may also 
be noted that according to Fedorov’s usage, since the prism angle 
is 84“ 30', that is, nearer 90° ^an 60®, this substance would be 
dassed as hypo-tetragonal or tetragonoidal. 

About 20 ctystals of all habits were measured on the Gold- 

’ Joura. Wash. Acad. Sd. 9; X53. 1919. 
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schmidt two-drcle g^Diometei'. Some of them proved to be 
very rich in forms, although the majority of these are extremely 
minute, and would have been very difficult indeed to locate on 
any other instrument. The coordinate angles of the 41 forms 
observed are listed in table i; not quite aU of them were ob- 



served on any single crystal, but all were obtained on a sufficient 
number of crystals to regard them as thoroughly established. 
The probable error of measurement in the case of the larger 
forms is * 5'. 

Typical combinations of these forms are shown in figures 1-4. 
Figure r represents in orthographic and dinographic projections, 
or plan and perspective, the typical habit of the bulk of the 
crystals. The unit prism m (no) is the dominant form, with 
narrow faces of the clinopinacoid h (010) in its zone. At rigth 
angles to this zone lies that of the orthodomes, which are ap- 
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TABLE I 

Anoi^b Table for Pinavbrdol 

System monodinic; lepto-monodinic, peri-rhombic a : b : c = 1.1014 : i : 1.6053; 
iu(=s 180 — /S) = 88® 20' 


Symbols Observed >^ 5 ' Calculated 

Ntunber Gdt. Mill Times 


letter 


noted 

Description 


p 


P 

1 C 

0 001 

8 

Narrow, curved 

90® 00' 

I® 40' 

90® 00' 

I® 40' 

2 b 

ooo 010 

30 

Narrow 

0® 00' 

90® 00' 

0® 00' 

90® 00' 

3 O' 

00 0 100 

12 

Very narrow, curved 

90® 00' 

90® 00' 

90® 00' 

90® 00' 

4 i 

400 410 

24 

Very narrow, curved 

75 ® .. 

90® 00' 

74 ® 37' 

90® 00' 

5 k 

3 00 310 

12 

Very narrow, curved 

70® .. 

90® 00' 

69® 51' 

90® 00' 

61 

2 00 210 

12 

Very narrow, curved 

61® .. 

90® 00' 

61® 10' 

90® 00' 

7 m 

00 no 

75 

Dominant prism form 

42® 15' 

90® 00' 

42® 15' 

90® 00' 

8 n 

00 2 120 

16 

Very narrow, curved 

24® •• 

90® 00' 

24® 26' 

90® 00' 

9 0 

003 130 

36 

Very narrow, curved 

17® .. 

90® 00' 

16® 51' 

90® 00' 

10 p 

004 140 

32 

Very narrow, curved 

12® .. 

90® 00' 

12® 48' 

90® 00' 

II € 

0V2 012 

4 

Part of curve 

2® .. 

38® .. 

2® 04' 

38® 46' 

12 5 

01 oil 

12 

Small, often curved 

I® .. 

58® .. 

I® 02' 

58® 05' 

13 7 

02 021 

6 

Part of curve 

0® . . 

72® .. 

0 ® 3 i' 

72® 42' 

14 d 

10 lOI 

16 

Well developed 

90® 00' 

S6® 05' 

90® 00' 

56® 05' 

15 e 

Vso 203 

3 

Very narrow, curved 

90® 00' 

45 ® .. 

90® 00' 

45 ® 02' 

16/ 

^/20 102 

6 

Very narrow, curved 

90® 00' 

37 ® . • 

90® 00' 

37® 10' 

17 g 

VsO 103 

3 

Very narrow, curved 

90® 00' 

27® •• 

90® 00' 

27® 15' 

18^ 

V40 104 

2 

Very narrow, curved 

90® 00' 

21® .. 

90® 00' 

21® 29' 

19 I 

— Veo 106 

5 

Part of curve 

90® 00' 

12° . . 

90® 00' 

12® 04' 

20 H 

— V4O 104 

3 

Very narrow, curved 

90® 00' 

19®.. 

90® 00' 

18® 33' 

21 G 

— VfO 103 

5 

Very narrow, curved 

90® 00' 

25® .. 

90® 00' 

24® 33' 

22 F 

— VaO 102 

3 

Very narrow, curved 

90® 00' 

35 ® .. 

90® 00' 

34 ® 59' 

23 E 

— ®/jO 203 

3 

Very narrow, curved 

90® 00' 

43 ® .. 

90® 00' 

43 ® 19' 

24 D 

— 10 lOI 

18 

Dominant dome form 

90® 00' 

55® 00' 

90® 00' 

55 ® 01' 

25 Q 

— 20 201 

2 

Part of curve 

90® 00' 

70®.. 

90® 00' 

70® 54' 

26 w 

Vs I12 

2 

Part of curve 

43 ® .. 

48® .. 

43 ® 22' 

47® 50' 

27 « 

I 111 

8 

Part of curve 

43 ® .. 

65® .. 

42® 49' 

65® 26' 

28 5 

2 221 

4 

Part of curve 

43 ® .. 

77 ® .. 

42® 32' 

77“ 04' 

29 5 

— 2 221 

4 

Part of curve 

42® .. 

77 ® -• 

41® 58' 

76“ S8' 

30 r 

—Vs 332 

8 

Part of curve 

42® .. 

73 ® .. 

41® 52' 

72* 49' 

31 u 

— I HI 

12 

Dominant pyramid 

41® 45 ' 

65® 05' 

41® 41' 

65° 03' 

32 7 

— V« 223 

4 

Very narrow, curved 

41 ® .. 

55 ® .. 

41® 23' 

54 “ S8' 

33 

“Vs I12 

6 

Very narrow, curved 

41 ® .. 

47 ®.. 

41® 06' 

46“ 48' 

34 ^ 

— Va 113 

6 

Very narrow, curved 

41® .. 

35 ® 

40® 29' 

35“ 08' 

33 

—Vi 114 

6 

Very narrow, curved 

41® .. 

28® .. 

39 ® 53' 

27“ 37' 

36 Z 

— V« 

6 

Very narrow, curved 

40® .. 

19®.. 

38® 39 ' 

18.54' 

37 

— I Vs 212 

4 

Very narrow, curved 

60® .. 

60® 

60® 41' 

58“ 37 ' 

38 a 

21 211 

30 

Narrow, curved 

61® .. 

73 ®.. 

61® 23' 

73“ 24' 

39 fi 

32 321 

20 

Narrow, curved 

54 ® 

80® .. 

53 ® 54' 

79“ 38' 

40 A 

— 21 211 

36 

Narrow, but bright 

61® .. 

73 ®.. 

60® 56' 

73“ 09' 

41 B 

— ^32 321 

30 

Narrow, curved 

54 ® •• 

80® .. 

53® 32' 

79“ 31' 
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proximately equally devdoped, d (loi) and D (Toi). In the 
zone of these domes there are also narrow faces of the base c 
(ooi). Finally, small faces of the minus unit pyramid U (In), 
are usually present. 

XJang the upper, orthographic jMrojection of fig. i as a baas, 
figure 2 has been drawn to show the positions which are occupied 
by all of the forms observed. Many of these have had to be made 
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Fig. 4. 

Pinaverdol crystals. Habits shown by material of English and German origin. 

rdatively much wider than they are in the actual crystals to 
diow them at all. For lettering these forms the plan has been 
followed of assigning the usual letters, o, b, c, d, and m to the 
dmple forms, and then in any one zone following as far as possible 
an alphabetical sequent. Thus the several prisms are madp 
successivdy ;, k, I, m, n, 0, and p, the plus orthodomes d, e,f, g, 
and It, the plus unit s, « (ni), and w, the plus orthopyramids 
a and ft and the dinodomes a, S, and e. The minus forms ate 
then named by capital letters corre^tonding to the gnmll ones of 
the plus forms. This gives D, E, F, G, H, and I for the ortho- 
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domes, S, T, U, V, W, X, Y, and Z, for the unit pyramids, and 
A and B, regarded as Greek capitals, for two of the orthopyra- 
mids; and finally, two letters left over, Q and R, are applied to a 
steep orthodome and the remaining orthopyramid, respectively. 

A habit rather frequently assumed, especially by material 
received from England, is shown in plan and perspective in figure 
3. Its peculiar tabular aspect is due to the prominent develop- 
ment of the minus orthodome D (Toi). The prism m (no) is 
usually present around the edge of the plates, although these 
sometimes become so thin that the prism is practically crowded 
off. The dinopmacoid, h (010), is often better developed on 
crystals of this habit than m those of type i, and a small plus 
orthodome, d (loi), is also usually present as a bounding form. 
Instead of a plane face where the base, c (001), should lie, a curved 
surface is usually present, which extends from about the position 
of c back as far as that of the minus orthodome I (I06). 

Still another distinct habit is illustrated in figure 4. This 
appears most frequently in a preparation obtained from Germany 
before the war, which was crystallized from an unknown solvent. 
In this there is marked elongation along axis h, making the 
crystals pseudo-prismatic on the orthodomes d (loi) and D (ioi). 
The only other unusual feature shown by these crystals is the 
rather prominent development of the dinodome 5 (on). 

COtOR PHRNOMRNA 

As noted in the introductory paragraph under the heading 
Crystallography, the crystals of pinaverdol exhibit a striking 
and brilliant reflection pleochroism. This phenomenon being a 
rather uncommon one, it will now be described in greater detail. 

In any biaxial crystal there are three directions at right angles 
to each other in whidi properties connected with light are ex- 
hibited. In the rhombic ^stem these directions coindde with 
the crystallographic axes; in the monodinic, one coinddes with 
axis 6, while the other two are limited to the plane of symmetry, 
but do not in general coindde with dther of the crystallograpfaic 
axes lying in that plane. In the present instance, however, the 
properties of the crystals are peri-rhombic, as we have termed it, 
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that is, very dose to rhombic in character, so marked deviation 
of the optical directions from axes a and c is not to be ejected. 
For practical purposes, therefore, the optical phenomena may be 
considered in the general direction of the three crystallographic 
axes. 

The faces of the dinopinacoid h (loo) reflect light of brilliant 
brass-yellow color. Those of the orthopinacoid a (loo) have not 
been observed broad enough to determine the color accuratdy 
but it does not appear to be materially different from that of b; 
on theoretical grounds, of course, it must be at least slightly 
different. The prism faces m (no), which lie about midway 
between these two pinacoids, are correspondingly also brass- 
ydlow. 

Faces Ijing perpendicular to axis c, or nearly so, show a deep 
bronze-violet reflection color. Intermediate colors are of course 
shown by all forms lying between the base and the prism, namdy, 
by the domes and pyramids, and the actual color is a brilliant 
metallic green, whidi may perhaps best be described as beetle- 
green. The nearer one of these forms lies to the base, the darker 
the green, and the nearer the prism, the more yellow appears 
in it. In fact, the colors of a form may be corrdated directly 
with the value of its coordinate angle p, which represents the 
angle between the zone axis of the prism and the perpendicular 
to the face in question. For forms of sufficient size to permit the 
certain recognition of their color, the relations are as follows ; 


TABLE 2 
Colors of Crystals 


letter sjnnbol 

p angle 

Color 

c (ooi) 

I** 40' 

Violet 

I (Io6) 

12' 04' 

Violet 

€ (0X2) 

38’ 46' 

Dull brownish green 

D (loi) 

55" 01' 

Bright green 

d (lOl) 

56" 05' 

Yellow-green 

5 foil) 

58' 05' 

Yellow-green 


65* 03' 

Green-yellow 

A (211) 

73' 09' 

Green-yellow 

m (no) 

90“ 00' 

Yellow 

h (010) 

90*00' 

YeUow 
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It is noteworthy that in every case the pseudo-faces which 
have developed on pinaverdol crystals through contact with the 
glass container show similar colors, corresponding to their posi- 
tion. A most striking effect is obtained when a sheet, made up 
of crystals lying in all sorts of positions, is removed from against 
a glass surface and examined in reflected light, especially with the 
aid of a low-power lens. Some of the grains are violet, some yel- 
low, while the bulk of them are of different hues of green, the 
whole effect being kaleidoscopic in character. 

When viewed through a nicol prism two components can be 
recognized in the light reflected from each face. The brassy 
prism zone faces 3n[eld for the two opposed directions of the 
vibration plane of the nicol, a yellow (plane parallel to c) and a 
violet (plane parallel to a) component; the green dome faces 
green (parallel to c) and violet (a); terminal forms ^ow violet, 
which dranges but slightly as the nicol is revolved. 

A similar pleochroism of reflected light has been observed in 
but few substances. The best known case is magnesium platino- 
(yanide, which has been described at length by Walter.* A 
dye known as diamond green or brilliant green, made by the 
Badische works, was stated by the same author to show it also, 
although no samples at our disposal do so. The mineral covd- 
lite, CuS, gives a metallic blue reflection color on the base, and 
Merwin® states that the color varies noticeably in different 
crystallographic directions. Goethite, FeOOH or F^Os.HsO 
yidds nonmetaUic reflection from most of its faces, but one 
pyramid is reported by Goldschmidt and Parsons® as giving a 
yellow colored signal. 

OPTICAL PROPBRTIBS 

Since pinaverdol is readily soluble in organic solvents, it is 
necessary to use for its study by, the immersion method under 
the microscope aqueous liquids of known refractive indices, and 
solutions of potassium-mercuric iodide and barium-mercuric 

*Wai.t«r, B, Die Oberfldchen oder SchiUerfarben, Bratmschweig, 1895. 

* Mbrwin, H. E. This Journal S: 341. 191^. 

* Goldschmh>t, Victor, and Parsons, A, E, Amer. Joum, Sci. 29: 235. 1910. 
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iodide in diluted glycerol were found to be satisfactory. Crystals 
greater than 0.02 nun. in diameter are practically opaque for 
ordinary white light, but by dissolving a little of the substance 
in hot methyl alcohol and allowing the liquid to cool rapidly, 
minute needles of satisfactory transparency can be obtained. 
For red light, which may be obtained by the use of a Wratten 
B-red No. 23 ray-filter, the transmission of light is much better. 
The following optical properties could be observed: 

In ordinary light: Crystals, rods with oblique or square termi- 
nations, breaking into irregular fragments. Color very intense, 
with pleochroism from violet-brown to brown to deep greenish 
brown; or, in very thin crystals violet to brown to yellow-brown. 
By the use of a monochromatic illuminator, the crystals showing 
violet-brown color were found to transmit the red end of the 
spectrum from the limit of visibility to the orange of wave length 
about 600; on decreasing the wave length, marked absorption 
was exhibited, the crystals being highly opaque for the yellow, 
green, and part of the blue; but on reaching the middle blue at 
about wave-length 470 transmission was again noted, and con- 
tinued to the end of the visible violet. The directions in the 
crystals giving brown or greenish brown bdiaved differently, 
however, the red end of the spectrum being absorbed, while a 
^ght though distinct transmission appeared in the ydlow and 
green, with absorption in the blue and violet. 

Refractive indices: There is such a tendency to yield metallic 
reflections on the part of the pinaverdol crystals that refractive 
index determinations do not yield very satisfactory results. 
The lowest index a, which is shown lengthwise of the aystals of 
the usual prismatic habit, is about 1.58, for light of wave length 
625; this is the direction in which the transmission is usually 
greatest, and the color violet. The other two indices are much 
greater than 1.75, which is that of the highest liquid which it 
has been found possible to prepare. They probably reach a value 
of at least 2.00. The greeni^ brown and yellowish brown colors 
correspond to these, the absorption being great in both of them. 

In parallel polarised light, nicols crossed: The extinction is 
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inclined on crystals turned so that axis b is more or less vertical, 
and reaches a maximum of 5° =fc 1°. The double refraction is 
excessively strong, so that no color effects are obtained. The 
sign of elongation is negative. 

In convergent polarized light: Traces of biaxial figures are 
sometimes seen, but little can be determined about them. The 
plane of the optic axes runs lengthwise; the sign is clearly nega- 
tive; and the optical orientation isXAc = 5°in acute angle 
d, but whether Y or Z = & is tmcertain. 

These properties, with but minor variations, are shown by 
several different preparations made in this laboratory, by a 
German product obtained before the war, and by the English 
“sensitol green.” The identity of all of the substances is thus 
established. 

ORNITHOLOGY. — Gtandalidae, a new family of iurdine Pas- 
serifotmes. Harry C. Obbrhoi.ser, Biological Sturvey. 

The genus Grandala was based by Hodgson on a unique new 
species which had been obtained in Nepal and which was named 
by him Grandala coelicohrJ This beautiful and otherwise re- 
markable bird has hitherto been referred to the Turdidae, usually 
without question. It has commonly been considered most closely 
allied to Sialia Swainson, and, indeed, by Seebohm® was even 
made a subgenus of that group. It was evidently so placed 
because of its booted tarsi, blue color, and general size, for in no 
other important respect does it suggest Sialia. Even a casual 
examination is sufficient to show that Grandala has, as Oates 
long ago concluded,* nothing to do with Sialia. In fact it does 
not belong in the same family, nor, indeed, to any other currently 
recognized family of passeriform birds, and it forms, consequently, 
a very distinct monotypic group, which ^ould stand as 
Gtandalidae, fam. nov. 

Diagnosis: Similar to the Turdidae, but bill motadlline, notturdine, 
slender; tip of maxilla not hooked; ba^ portion of culmen straight or 

' Joum. Asiatic Soc. Bengal 12: 447. June, 1843. 

’ Cat. Birds Brit. Mus. 5: 328 . 1881. 

> Raima Brit. Ind., Birds 2 ; ijo. 1890. 
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even slightly concave, with only the tip noticeably decurved (instead 
of being convex and more or less decurved from base); ^nys short, 
not longer than the exposed portion of the mandibular rami (instead of 
longer, as in the Turdidae), posteriorly not reaching to the anterior md 
of &e nostrils, and not ascending, but, with the mandibular rami, forming 
a straight line; nostrils entirely exposed; wings very long and pointed, 
when dosed reaching nearly to the end of the tail ; secondaries rdativdy 
very short, much as in the Hirundinidae, their tips falling short of the 
lip of the longest primary by nearly one-half of tire total len^ of the 
dosed wing ^st^d of less than one-third in the Turdida^\ second 
primary, counting from the outermost, usually longest but dways at 
least equal to the third. 

General characters: Bill rather short (about one-half the length of the 
head), slender, somewhat depressed basally, but somewhat compressed 
distally, in general aspect motacilline rather than turdine, its lateral 
outline nearly straight, the culmen straight or slightly concave, near its 
tip noticeably decurved; tip of maxilla not hooked; gonys diort, not 
longer than the exposed portion of mandibular rami, and posteriorly 
not reaching to the anterior end of the nostrils, not ascending but con- 
tinuing in a straight line from the mandibular rami; terminal portion of 
maxillar tomium slightly notched; nostrils fusiform or lengthened d- 
liptical, entirdy exposed, the feathers of the forehead readmg to their 
posterior end; naiial and rictal bristles short and weak; wings very 
long and panted, when dosed reaching nearly to the end of &e tail; 
wing tip long, the secondaries rdativdy very short, the tip of the longest 
primary exceeding them by nearly one-half (more than two-fifths) 
of the total length of the dosed wing; tertials short, about the length of 
the longest secondaries; first (outermost) primary very short, about 
15 mm. in length; second primary usually longest; third primary equal 
to the second or slightly shorter; fourth primary deddedly shorter than 
the third; and all the others regularly decreasing in length; none of the 
primaries sinuated on their irmer webs, but the third and fourth pri- 
maries distinctly sinuated on their outer webs, and the fifth slightly so; 
tail 12 feathers, about three-fifths of the length of the wing, deeply 
emarginate, the feathers moderatdy broad and stiff, their ends obtusdy 
pointed; upper tail-coverts rather long; tarsi moderatdy long and slen- 
der, their length about a'/s times the length of the exposed culmen; 
acrotardum entire; toes moderatdy long and slender; daws of moderate 
length and curvature; daw of hallux not lengthened; length of mi dd l e 
toe without daw th^-fifths of the length of the tarsus; plumage of 
male mote or less metallic; cotoration of sexes different; and young 
streaked. 

Type genus: Grandala Hodgson. 

Remarks: It is rather surpridng that the genus Grandala has not 
before been taken out of the Turdidae, since its aberrance is so apparent. 
In only two important characters— its booted tarsi and streaked young 
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— does it resemble the Turdidae. It is, so far as we recall, the only 
passerine bird, excepting members of the Hirundinidae, that has such 
a remarkably long wing tip, which is produced by its relatively short 
secondaries. By this and its other external proportions, it is one of the 
most distinctively characterized of the families of Passeriformes, In 
some respects, particularly those of its bill and booted tarsus, it recalls 
some of the Syhiidaey and also some of the Brachypterygidae, as Oates 
has already suggested,^ but from the latter family it differs in its rela- 
tively short gonys (compared with the length of the exposed part of the 
mandibular rami), less turdine shape of the bill, relatively short tarsi, 
long second and third primaries (beginning from the outermost) rela- 
tively short first primary, long wings, and long wing tip. It is, more- 
over, probably more nearly related to the Turdidae than to the Bra- 
ckypterygidae, though not dosely to either. Nor is it in any sense inter- 
mediate, since it differs in many of the same respects from both these 
families. It might be considered a highly spedalized offshoot from the 
turdine stem, although the determination of its exact affinities must 
await the examination of its anatomy, which we confidently predict 
will serve to emphasize still more strongly its external peculiarities. 

The only spedes in this new family is Grandala coelicolor Hodgson. 

* Fauna Brit. Ind., Birds 2: no. 1890. 
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chiefly in its smafler size and decidedly darker mantle. The range of 
Larus hyperboreus hyperhoreus extends over northern Asia, most of 
Europe, and northeastern North America, while Lams hyperboreus 
barrovianus occurs in western North America. H. C. 0 . 

ORNITHOLOGY. — Food habits of the mallard ducks of the United States, 

W. L. McATEE. U. S. Dept. Agr. Bull. 720 : 1-36. 1918. 

This bulletin contains the results of investigations on the food and 
food habits of Anas platyrhyncha. Anas rubripeSy and Anas fulvigula, 
three dosdy allied and important game birds of the United States. 
Of Anas platyrhyncha, which has furnished most of the breeds of do- 
mestic ducks, examination of 1725 stomachs, taken at all seasons in 
22 states of the United States and in 2 Canadian provinces, formed the 
basis of the author’s conclusions. The vegetable elements comprise 
nine-tenths of the food of this spedes, and consist prindpally of sedges, 
grasses, smartweeds, pondweeds, duckweeds, coontail, wild cdery, 
and various other water plants. Of some, such as Zizania aquatica, 
diiefly the seeds are eaten, but of many others also the stems, leaves, 
root-stocks, buds, and tubers are used. Other miscellaneous vegetable 
items, such as seeds of trees like Planera aquatica and of shrubs like 
CeltiSy together with some acorns, are taken. The animal food of the 
mallard, which is only about one-tenth of the whole, is made up chiefly 
of insects and moUusks. 

An interesting fact in connection with the stomach examinations of 
this spedes is the large number of individual items which sometimes are 
present. In a single stomach taken in Louisiana there were found 
75,200 seeds of various water plants, and in another taken in the same 
State, 102,400 seeds of Jussiaea leptocarpa. 

Of Anas rubripes, induding its subspedes Anas ruhripes tristis, 622 
stomachs were examined, diiefly from the United States. In these the 
vegetable food made up 76 per cent of the contents, and consisted chiefly 
of pond-weeds, grasses, sedges, and smartweeds, together with many 
other less important items. The animal food, which was 24 per cent of 
the whole, was mostly mollusks, crustaceans, and insects. 

The Florida duck. Anas falmgulay including its subspedes Anas 
fulmgiila maculosa, lives on vegetable food, mostly grasses, smartweeds, 
sedges, water lilies, pondweeds, and other water plants, to the extent 
of 60 per cent of its total food; and on animal diet, mostly mollusks, 
insects, and crustaceans, to the extent of 40 per cent. 
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Two long tables at the end of this bulletin show the items of vegetable 
food identified in the stomadis of all three species examined, and the 
number of stomachs in which each item was found. H. C. 0 . 

ORNITHOLOGY. — On the anatomy of Nyctibius with notes on allied 
birds. Alexander Wetmore. Proc. U. S. Nat. Mus. S 4 : 577- 
586. 1918. 

An examination of the trunk and visceral anatomy of Nyctibius 
griseus abbotti furnishes some interesting results. It confirms Mr. 
Ridgway’s suborder Nycticoradae, to include the superfamilies Cafri- 
mulgi, Podargi, and Steatomithes. 

Owing, however, to the dose relationship of the Podargi and Cctp- 
rimulgi, they are here regarded as best induded in a single superfamily, 
so that the suborder Nycticoradae as here outlined would be divided into 
two superfamilies, the Steatornithoideae, containing a single genus 
Steaiomis, and the Caprimulgoideae, containing the families Podargidae, 
Nydibiidae, Aegothelidae, and Caprimulgidae. 

Among other things, attention might be called particularly to the 
forms of the tongues in this suborder, as there are fom general types 
representative of the Podargidae, Nyctibiidae, Steatornithidae, and 
Caprimulgidae. Harry C. Oberholsbr. 

ORNITHOLOGY. — Description of a new loU from the Anamba Islands. 
Harry C. Oberholsbr. Proc. Biol. Soc. Washington 31 ; 197- 
198. December, 1918. 

A specimen of lole olivacea from the Anamba Islands in the South 
China Sea adds this spedes to their fauna, maidng,altogether 57 spedes 
and subspedes of birds now known from this archipelago. It proves 
to be an undescribed race, and will stand as lole olivacea crypta. It 
differs very markedly from lole olivacea charlottae of Borneo, but appears 
to be the same as the bird Crom Sumatra. H. C. O. 

ORNITHOLOGY. — How to attract birds in the East Central States. 
W. L. McAtbe. U. S. Dept. Agr. Farmers’ Bull. 912 : 1-15. 1918. 

The means of increasing the numbers of birds about the home and 
elsewhere ccmsist chiefly in methods of protection and provision for 
nesting places, food, and water. Where feasible the most effectual 
protection is a vermin-proof fence. Breeding places may be readily 
fumidied by boxes put up for the use of the birds, and water supplied 
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for dtinkitig and batMng by fountains and open pools. It is most im- 
portant, however, to 'provide food. This can be done artificially, 
particularly in winter, by feeding boxes and similar devices, but the 
most permanent and practical plan is to plant various seed and fruit 
produdng trees and shrubs. Among the latter, alders, birdies, larches, 
pines, junipers, bayberries, hollies, and similar trees are among the most 
satisfactory. The trees bearing fruits attractive to birds are here 
tabulated in a manner to diow graphically the duration of the fruit 
season; and those that are desirable to plant as a protection to cultivated 
varieties whidi might be molested by the birds are separatdy indicated. 

Harry C. Obrrholsbr. 

ORNITHOLOGY. — The migration of North American birds. IV. 
The Waxwings and Phainopepla. Harry C. ObrrholsSR. Bird Lore 
20: 219-222. 1918. 

This paper contains tables of migration dates for both spring and fall 
from localities m the United States, Canada, and Alaska, illustrating 
the migratory movements of BombyciUa garrula, BombyctUa cedrorum, 
and Phainopepla nitens. All of these spedes, BombyciUa cedrorum 
particularly, are more or less irregular and erratic in their movements. 

H. C. O. 

ORNITHOLOGY. — The skeins of ike genus Ordiilus Cabanis, Harry 
C. Obrrhols^r. Proc. Biol. Soc. Washington 31 : 203-204. 
Dec. 30, 1918. 

The generic name Orchilus Cabanis, proposed for a genus of South 
American Tyrannidae, has commonly had asrigned for its type Platy- 
rkynchits auricularis Vidllot. Its type is, however, really Orchilus 
pUeatus Cabanis, which, rince furthermore it is preoccupied by Orchilus 
Morris, makes it a ^onym of Lophotriccus Berlepsch. This leaves the 
present genus Orchilus without a name, because Perissotrkcus Ober- 
hdser, proposed for Orchilus ecaudatus Lafresnaye, is genetically distinct 
htnn the other spedes commonly referred to Ord!» 7 «r. This bring the 
case, the new genetic name Notmchilus is here proposed, with Plaly- 
rhyndius aurioulam Wrillot for its type. H. C. O. 

ORNITHOLOGY. — Three new subspecies of Passerdla iliaca. H. S. 
SwARTH. Proc. Biol. Soc. Wariungton 31 : 161-163. Deconber 
30, 1918. 

A recent study of PassereUa iliaca and its subspedes, besides indieftting 



abstracts: ornithoi/xjy 


413 


the distinctness of the recently described Passerella iliaca hrmcauda 
Mailliard, has revealed the existence of three undescribed subspecies. 
I'hese axe Passerella iliaca mariposae from Chinquapin, Yosemite Park, 
California; Passerella iliaca fulm from Sugar Warner Mountains, 
Modoc County, California; and Passerella iliaca canescens from Wyman 
Creek, east dope of White Mountains, Inyo County, California. 

Harrv C. Ob^rhols^Qr. 

ORNITHOLOGY. — Washington region. (December 1917, and Janu- 
ary 1918.] Harry C. Obbrhowbr. Bird Lore 20 : 164-165. 
1918. 

Notwithstanding one of the severest winters in local annals, there 
were few of the more northern winter birds about Washington during 
December 1917, and January 1918. Many of the smaller birds were 
very irregularly distributed and some of them not as numerous as usual. 
Hawks of various species were uncommonly numerous dose to the dty 
limits. A considerable increase was also noted in Colinus virginianus 
and Stumus vulgaris, both of which were seen in considerable 
flocks. A single Plectrophenax nivalis noted on December 19, 1917, 
and a single Lanins borealis on December 28, are the most notable oc- 
currences. Ducks of various spedes frequented the Potomac through- 
out the season in much greater numbers than usual. H. C. O. 

ORNITHOLOGY. — Tvuo new genera and eight new birds from Celebes. 
J. H. RibBy. Proc. Biol. Soc. Washington 31 : 155-159. Decem- 
ber 30, 1918. 

The zodogical explorations of Mr. H. C. Raven in the island of Cd- 
ebes, prindpally in the northern and middle portions, have resulted in 
the gathering of a large collection of mammals and birds. In the pre- 
liminary identification of the birds, six new spedes and two subspedes 
have been discovered, two of the distinct spedes bdonging to new 
genera. These two new genera are Coracornis, a dirike-like bird allied 
to Pachycephala Vigors and Horsfield, of which the type is Coracornis 
raveni; and CeUbesia, an interesting flycatcher allied to Mdlindangia 
Meatns, the type of whidh is the new spedes CeUbesia abbotti. The 
other new spedes are Phcmphococcyx centralis, Lophozosterops striaticeps, 
Catapenera abdtiiva and Cryptolopha nesophila. The two new sub- 
spedes ate an interesting new form of edible swifdet, CoUoccMa vestita 
aenigma,an 6 .Caprimulgusaffinispropinquus. Harry C. Obbrhoi,sbr. 
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GEOLOGY. — A geologic reconnaissance of the Inyo Range and tiie 
eastern slope of the southern Sierra Nevada, California. Adoifh 
KnopR. With a section on the stratigraphy of the Inyo Range. 
Edwin Kjre. U. S. Geol. Survey Prof. Paper no. Pp. 130, 
pis. 23, figs. 8. 1918. 

The region described in this report comprises Owens Valley, in eastern 
California, and the portions of the Inyo Range and the Sierra Nevada 
between which it lies. The sedimentary rocks of the Inyo Mormtains 
are more than 36,000 feet thidr and range in age hrom pre-Cambrian 
to Triassic, The Silurian is the only Paleozoic system not rejnesented. 
The Lower Cambrian of this area is not only notable for its great thick- 
ness (10,200 feet), but it contains the oldest Cambrian deposits known 
on the continent. 

Early in Cretaceous time great masses of granitic rocks were intruded, 
both in the Inyo Range and the Sierra Nevada. The escar][>iaqj|t of 
the Sierra is composed dominantly of such rocks. Quartz moni.'unite 
predominates, and is represented by two varieties — a normally granular 
quartz monzonite and a porphyritic variety holding large orthodase 
crystals, which makes up the summit region of the range. Younger 
than these is a coarse white aladdte (an orthodase — albite granite), 
which ocxurs in large masses in this part of the Sierra. Notable fea- 
tures of the geology of the r^on are the great alluvial cones that ex- 
tend out from the flanks of both ranges into Owens Valley; the two 
epochs of gladation recognizable in the moraines in the canyons of 
the east slope of the Sierra; and the group of basaltic cinder cones on 
the alluvial slope between Big Fine and Independence, some of which 
stand on fault lines marked by fresh alluvial scarps. 

The region is rich in mineral resources — diver, lead, dnc, tungsten, 
gold, and marble — and the waters of Owens Lake yidd soda and other 
chemicals. The mines at Cerro Gordo in the Inyo Range have pro- 
duced more diver-lead ore than any other mine in California. In 1913 
large bodies of tungsten ore were discovered in the Tungsten TTills 
west of Bidiop. The ore condsts of scheelite associated with garnet, 
epidote, qpiartz, and caldte, and is of contact-metamorphic origin. 
The ore bodies ate important additions to the number of recognized 
contact-metamorphic schedite depodts, a chiss of depodts that pre- 
viously had hardly been suspected as a posdble source of tungsten. 

A. K. 



PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 

THE BOTANICAL SOCIETY OF WASHINGTON 


The 135th regular meetiug of the Society was held in the Assembly 
Hall of the Cosmos Club at 8.00 p.m., Tuesday, April i, 1919; 65 mem- 
bers and 5 guests being present. 

Under “Brief Notes and Reviews of Literature,’’ Prof. A. S. Hitch- 
cock rahibited a volume on “A Monographic Study of the Hawaiian 
Species of the Tribe Lobelioideae,” by Prof. Joseph F. Rock. Mr. 
Walter T. Swingle announced that, while he was in China, he pur- 
chased for the Library of Congress a large collection of Chinese books, 
mostly on natural history. 

In a paper on A poisonous milkweed, Asclepias galioides, Dr. C. 
Dwight Marsh gave briefly a history of the loss of sheep in Colorado 
caused by the eating of the whorled milkweed. He stated that this 
plant had never been definitely recognized as having a toxic character, 
but careful feeding experiments demonstrated that it is exceedingly 
poisonous, not only to sheep, but to cattle and horses. A study of fire 
distribution and habits of the plant shows that the problem of control 
is one of peculiar difficulty, for in certain irrigated regions, particularly 
in Colorado, this species is spreading with great rapiffity. 

Dr. C. H. Kaueman gave a paper on The genus Cortinarius, in which 
he described some of tiie typicd species of the group. The lantern 
dides that were used were very instructive on the color and form of these 
brown-spored agarics. He stated that the genus contained over 500 
^des, of which 200 spedes have been recognized in the United States. 
They occur most abundantly in the temperate and colder zones, or in 
the higher altitudes, being found abundantly northward to the limits 
of forests and at devations to the edge of the timber-line. Some 
spedes are intimately connected with roots of forest trees, and individual 
spedes are limited to spedal kinds of forests. They develop late in the 
season, preferring as a rule, the cooler months. Many of these spedes 
are higUy colored and, as far as known, all are edible. 

A joint paper on A physiological study of Pythium debaryanum Hesse 
on Ike potato tuber was given by Drs. Lon A. Hawkins and Rodney B. 
Harvey, in which it was shown that there is a correlation between the 
resistance of the tissue of the potato to puncture and the resistance to 
infection by the fungus. The paper was illustrated by motion photo- 
micrographs showing the penetration of the cell walls of the potato by 
the fungus. 
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An animated cartoon on The black stem rust arid the barberry, by Mr. 
G. D. George, was shown and explained by Dr, H. B. Humphrey. 
The life story of this rust was shown on the film. The story begins 
with the winter spores on stubble and wild grass and shows a spore 
germinating, the sporidia blowing to the barberry bush, the formation 
of duster-cups on the barberry leaf, the blowing of a spore to the wheat 
leaf, its germination and the entrance of the mycdium, through a 
breathing pore, it branching and spreading withra the leaf, and the 
production and disperaon of the red or summer spores, and their escape 
through the ruptured epidermis to infect other wheat plants. 

A motion picture showing the opening of the flower of the night- 
blooming cereus was contributed by Mr. H. PiTTiER. A two-red film 
on Citrus fumigation prepared as an educational film by the U. S. De- 
partment of Agriculture, was also projected. 

The program was followed by a sodal hour with refreshments. 

Chas. E. Chambuss, Recording Secretary. 

THE ENTOMOEOGICAE SOCIETY OF WASHINGTON 

The 322nd meeting of the Sodeiy was hdd May i, 1919, in the As- 
sembly HaU of the Cosmos Club. Vice-Preadent WAEtON presided 
and there were present 16 members and i viator. 

PROGRAM 

A. B. Gahan: The black grain-stem sawHy of Europe in the United 
States. This paper dealt wi^ Trachelus talndus (Fab.), the establish- 
ment of wMch in the United States has recently been dis- 
covered. This insect may become a serious pest of small grain, 
espedally wheat, in this country. Some of the points discussed were 
the distribution both in the United States and in the old world, char- 
acter of injury, description of adult and larva and comparison with 
related species, suggestions for control, and bibliography. The illus- 
trations consisted of drawings of the adult, the larva of this and two 
allied species of rimilar halnt, and a map of the distribution in the 
United States. The paper is to be published by the Department of 
Agriculture. 

In the discussion of Mr. Gahan’s paper Mr. Waeton stated that Mr. 
McConnell of the Bureau of Entomology has discovered in Pennsylvania 
a parasite that killed as high as 30 per cent of the sawfiy larvae. Dr. 
Quaintancb remarked that this appears to be one of the few cases in 
which the necessary measures for insect control conflict with good ag- 
ricultural practice, the rotation of wheat and clover being undoubte^y 
good agricultural practice and also favoring reproduction of the insect. 
Mr. Walton took exception to this, stating that fora^ experts daim 
better clover can be raised on plowed ground; but planting on stubble is 
easier and cheaper. Mr. Rohwer stated that sawflies are sluggish 
fliers, and was of the opinion that if in the rotation the to be 
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planted to grain were far apart the infestation would be considerably 
reduced. Mr. Gahan thought that the fact that the species is already 
widely distributed in both mountain and plains regions indicates con- 
siderable ability to spread Mr. Waeton suggested wind as a means 
of spreading. Mr. Rohwsr stated it as his experience that sawfhes 
seek shelter in high winds, and also that the species is perhaps more 
widely spread than outlined by Mr. Gahan, inasmuch as he has a larva 
from near Parkersburg, West Virginia, that is probably this spedes. 

NOTES AND EXHIBITION OE SPECIMENS 

Mr. Schwarz gave an account of a recent visit which he and several 
other entomologists had made to the Florida Everglades and keys. 
He described the topography and flora of the region espedally contrast- 
ing the character of tiie everglades keys with the Florida keys. He 
spoke of the occurrence in semi-tropical Florida of the Coleopterous 
genus Dendrosinus (family Scolytidae). The type of this genus, D. 
globosus Eichoff, was described in 1868 from two specimens said to have 
come from “North America,” but the correctness of this locality has 
always been doubted. However, during this visit to southern Florida, 
Mr. H. S. Barber discovered an undescribed spedes of this genus at 
Marathon (Key Vacas) boring in the solid wood of Bourreria havaniensis. 
This spedes dmers greatly from globosus, and the other spedes of the 
genus, and Mr. Schwarz presented a description of it for publication in 
the proceedings of the Sodety. 

Mr. CuteMAN discussed the larva of the spider parasite, Polysphincta 
iexana Gresson, describing its method of maintaining its hold on its 
host. 

Dr. Baker expressed the opinion that Neotoxoptera violae Theo., 
described from Egypt, is an aberrant form of Bkopaksiphum violae 
Pergande of America dnce similar forms are obtainable fromPergandes 
spedes in greenhouses here. Mr. Rohwer thought that the fact that 
a form of the American spedes resembling the African form can be 
produced in the greenhouse was no proof that the American and African 
forms are the same spedes. He objected to the ^on}mizing of the 
two until further proof of their identily is obtained. In support of his 
contention he dted the case of the so-called Cladius pectinicomis, 
one of the rose sawflies, stating that the American form, which has 
heretofore been considered as the same as the European spedes, is 
spedfically distinct. Mr. Heinrich agreed with Mr. Rohwer, stating 
that in the Microlepidoptera, American spedes that have formerly been 
considered the same as European spedes are rapidly being found dis- 
tinct, and the European names are being taken out of American litera- 
ture. 
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The 323rd regular meeting of the Society was held June 5, 1919, 
in the ^sembly Hall of the Cosmos Club. President SasscER presided 
and there were present 22 members and 6 visitors. 

R. H. Hutchinson: Experiments with steam disinfection in destroy- 
ing lice in clothing. Mr. Hutchinson prefaced his paper with some re- 
marks about the louse, showing lantern slides, illustrating sexual char- 
acters, eggs, hatching, and the effect of steam on eggs. Further slides 
were then thrown on the screen showing field laundry units and a large 
delousing plant used at debarkation camps, the speaker explaining in 
detail all the different pieces of apparatus. 

Major Harry Plotz, U. S. Army, who was among the visitors, ex- 
pressed his appreciation of the assistance furnished by Mr. Hutchinson, 
and told some of his experiences in connection with this work and in the 
war zone before the United States entered the war. Dr. Baker was 
interested in the presence, mentioned by Mr. Hutchinson, of the pe- 
culiar yellow body in the n3rmphs of lice and the fact that it has not been 
recorded in the literature of the louse. A similar yellow body always 
occurs in several groups of Homoptera which he had studied. Its 
foreruimer is present in the egg and is carried to the interior at the time 
of invagination. In parthenogenetic forms its history is tied up with 
the development of the ovaries. Budmer in a rather extensive p^er 
on the subject hss considered it a commensalistic organism. This 
view, however, is not held by all embryologists. 

A. N. Caudell: Notes on Zoraptera. Mr. Caudell spoke of the 
biology and systematics of this pectiliar order of insects. A point of 
particular interest was the finding of winged forms by Mr. H. S. Barber, 
and the fact that the insects have the habit of dealation. 

G. C. Crampton: Phytogeny of Zoraptera. This paper was pre- 
sented by title by Mr. Caudell, who exhibited the drawings to be used as 
illustration in the published paper. 

R. A. Cushman, Recording Secretary. 

BIOLOGICAL SOCIETY OF WASHINGTON 

The 597th regular meeting of the Society was held in the Assembly 
Hall of the Cosmos Club, Saturday, May 3, 1919; called to order at 
8.15 p.m. by Vice-Preadent Bailey; 30 persons present. 

The following informal communications were presented: 

A. Wetmore: Remarks on the feeding of purple finches on certain 
plant galls. The galls were the size of a &ger-end and were held in the 
feet of the birds while being tom open. 

L. O. Howard: Remarks on the soon-expected arrival of the adults 
of the seventeen-year locust and the desirability of securing more data 
on the dnmney-building habits of the immature insect. In this con- 
nection Edith R. Keleher, Wm. Palmer, and A. Wetmore reported 
their observations as to chimney building-habits. 

R. W. Shueeldt: Remarks on and exhibition of a second specimen 
of double-headed turtle and of a double-headed snake. Both sped- 
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mens had died in a very immature state. The snake had been identified 
as Matrix sipedon. In this connection E. W. Nedson referred to a 
double-headed snake observed by him. 

The regular program consisted of two communications: 

A. Wetmorb: Notes on the brown pelican. The speaker gave an 
account of the life and habits of this bird as observed by him on Pelican 
Island, Florida, in the early part of the present year. His remarks were 
illustrated by numerous lantern slides. Discussion by E. W. Neiaon, 
R. W. Shuebedt, a. S. Hitchcock, h . 0. Howard, and I. N. Hoepman. 

Vernon Bailey: The explorations of Maximilian, Prince of Wied, 
on the Upper Missouri in 1833. The speaker described the travels of 
this early naturalist and many of the animals encountered by him. 
His remarks were illustrated by lantern-slide views of many of these 
animals and by motion-picture views of many of the larger mammals 
of the Upper Missouri region. Discussion by R. W. Shueeldt. 

The 596th regular meeting of the Society was held in the Assembly 
Hall of the Cosmos Club, Saturday, April 19, 1919; called to order at 8 
p.m. by Vice-President Hollktbr; 43 persons were present. 

On recommendation of the Council H. H. Lane, of Norman, Okla- 
homa, was elected to active membership. 

Under the heading, “Book notices, brief notes, exhibition of speci- 
mens, etc.,” the following informal communications were presented: 

W. P. Taylor: A bri 5 account of the organization of the American 
Society of Mammalogists on April 3 and 4, 1919. 

T. S. Palmer: Remarks on ornithological activities in Germany 
during the war as revealed by a recently received ornithological joum^ 
publi^ed in that country for 1918. Ornithologists appeared to have 
been active in Germany in spite of the war but their fidds of research 
were necessarily limited through lack of communication with the outside 
world, but bird problems in Germany, migration records in Germany, 
including rather complete migration record at Heligoland, and bibh- 
ographic matters, especially of African birds, received rather marked 
attention. 

A. S. Hitchcock: Remarks on the organization of the National 
Research Council as pertaining to biology. 

The regular program was as follows: 

Walter P. Taylor: Notes on Dr. J. G. Cooper’s scientific investigch 
tions on the Pacific Coast. Dr. James Graham Cooper was one of file 
most active students of birds and mammals on the Pacific Cpast m the 
middle nineteenth century. Bom in New York June 19, 1830, he early 
became interested in the West through his coimection with the Stevens 
Survey of the Pacific Railroad Route along the 47th and 49th parallels. 
He was most active as a field coUecter between the years 1S53 and 1866, 
during which period he worked for more than two years in Washington 
Territory and collected widely m California. He collected types or 
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cotypes of eight spedes of mammals; hve specific names and one ver- 
nacidar name were given in his honor; and he published formal descrip- 
tions of four birds, one mammal, and one reptile. His bird papers num- 
ber twenty-six, ids mammal papers thirteen. Before i860 his in- 
terests were in general natural history, embracing botany and meteor- 
ology as well as zoology. Subsequent to that time he concentrated his 
attention on zoology, doing most of his work in conchology and or- 
nithology. He died July 19, 1902, at Hayward, California. 

Discusaon by T. S. Palmer, A. S. Hitchcock, and B. W. Brown. 

C. W. Field: Observations on tiie heath hen, illustrated by lantern 
slides. Discusaon by W. W. Grant, L. 0 . Howard, R. M. Dibbey. 

Albert Mann: Woods Hole diatoms, illustrated by lantern dides. 
Discussion by A. S. Hitchcock, Mrs. N. Hollister. 

The S98th regular meeting of the Society was held in the Assembly 
Hall of &e Cosmos Club, Saturday, May 17, 1919; called to order at 
8.30 p.m. by President Smith; 45 persons present. 

The following informal communications were presented: 

W. R. Maxon: Exhibition of and remarks cm a fungus of the genus 
MUromyces. 

W. R. Maxon: Inquiry as to whether both sexes of birds are known 
to sing. Discusaon by H. C. Oberholser and Wm. Palmer, who dted 
instances in which the females of certain qiedes of birds are known to 
sing. 

F. V. CovillB: Remarks on a vine in the Department of Agriculture 
having a length of 1134 feet. It was planted 12 years ago and by ap- 
propriate trimming can be made to grow 100 feet a year. It roots at 
intervals of its length so that water and salts are not drawn through 
its entire length. Discusaon by A. S. Hitchcock and W. E. Sakpord. 

A. S. Hitchcock: Remarks on the state of publication of the soon- 
to-appear flora of the District of Columbia and vidnity. 

I. N. Hofrman: Remarks on the recently reported occurrence of 
several flocks of whoopir^ cranes m Texas. 

Wm. Palmer: Remarks on tide conditions of Chesapeake Bay as 
influenced by winds and storms and observation on the large numbers 
of dead croakers and of other fishes recently seen by him in the Bay in 
the vidnity of Chesapeake Beach. -These fishes furnished an abundant 
food for crows and buzzards. 

H. M. &11TH: Exhitdtion of and remarks on an exceedingly small 
(but not the smallest) spedes of fish, Lucania onmata from a small fresh- 
water lake in Georgia. 

The regular program consisted of two commimications: 

F. V. CoviLLE: The strange story of ike box httckleberry. (To be 
published in full in a forthcoming issue of Science.) 

W. E. Saerord: Plants used in the arts and industries of ike ancient 
Americans. 

M. W. I/YON, Jr., Recording Secretary. 



SCIENTIFIC NOTES AND NEWS 

MATTERS OR SCIRNTIPIC INTRRRST IN THR SIXTY-SIXTH CONGRESS 

In addition to the large supply biUs, which provide for the work of 
the scientific bureaus of the Government, several measures have been 
introduced in the first session of the Sixty-sixth Congress which are of 
g)ecial interest to the scientific profession. 

The three bills concerned with the tariff and the removal of the duty- 
free privilege on scientific supplies were published in the preceding num- 
ber of this JoTJRNAiy, together with a note on the hearings held on the 
biUs.^ Mr Bacharach later combined the three bills into one (H. R. 
7287) under the title: “A bill to provide revenue for the Government, 
to establish and maintain in the United States the manufacture of scien- 
tific instruments, laboratory apparatus, laboratory glassware, laboratory 
porcelain ware — an industry essential to national defense/* On July 
15 a hearing on ‘‘surgical instruments** was held before the House Ways 
and M;eans Committee, at which Col. C. R. DarnrLL, of the Army 
Fidd M!edical Supply Depot, and representatives of three manufac- 
turers of surgical instruments testified. On July 24 M[r. Bacharach 
introduced a substitute bill, H. R. 7785, “To provide revenue for the 
Government, to establish and maintain in the United States the manu- 
facture of laboratory glassware, laboratory porcelain ware, optical 
glass, scientific and surgical instruments,** in which a paragraph was 
added placing a duty of 60 per cent on surgical and dentd instruments. 
This bill was reported to the House without amendment, and recom- 
mended for passage, on July 26 (Report 157). 

Federal aid to research is provided for in the following bills: 

S. 16 (Mr. Smith of Georgia) : “To establish engineering experiment 
stations in the States and Territories, in connection with institutions of 
higher technical education, for the promotion of engineering and in- 
dustrial research as a measure of industrial, commercial, military, and 
naval progress and preparedness in times of peace or war.** Referred 
to the Committee on Education and Tabor, 

S. 105 (Mr, Gronna) : “For the promotion of engineering and in- 
dustrial research.** To the Committee on Agriculture and Forestry. 

H. R. 1 108 (Mr. Rakrr) : “To make accessible to all the people the 
valuable scientific and other research work conducted by the United 
States through establishment of a national school of correspondence.** 
To the Committee on Education, 

S. 15 and S. 1017 (Mr. Smith of Georgia), H. R. 7 (Mr. Townrr), 
and H. R. 2023 (Mr. Rak^r) provide for the creation of a federal De- 
partment of Education. 

^ See tlbis Journai« 9; 389. 19x9, 
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Special provisions regarding research in the federal bureaus are con- 
tained in ^ following bills and resolutions: 

S. 814 (Mr. Owen) : “To establish a department of health and for 
other purposes.” To the Committee on Public Health and National 
Quarantine. 

S. 2380 (Mr. Smoot) : “To provide for an increased annual appro- 
priation for agricultural e^eriment stations, to be used in researches 
and experiments in home economics, and regulating the expenditure 
thereof.” To the Committee on Agriculture and Forestry. 

S. 2507 (Mr. France): “To establish an executive department to 
be known as the Department of PubEc Health, and for other purposes.” 
To the Committee on Public Health and National Quarantine. 

S. 2635 (Mr. Fietcher): “To authorize the Department of Com- 
merce, by the National Bureau of Standards; to examine and test 
manufactured articles or products for the owner or manufacturer 
thereof, to issue a certificate as to the nature and quality of such man- 
ufactured articles or products, and to prevent the illegal use of such 
certificate.” To the Committee on Commerce. 

H. R. 3736 (Mr. Frear): “To transfer the Public Health Service 
from the Department of tiie Treasury to the Department of the In- 
terior.” To the Committee on Interstate and Foreign Commerce. 

H. Concurrent Res. 12 (Mr. VailB, by request): “Requiring a 
scientific study of values and rdative vdues by the Bureau of Stand- 
ards.” To the Committee on Coinage, Wdghts, and Measures. 

Attempts to rdieve the admittedly desperate situation of the Patent 
Office are contained in H. R. 5011, H. R. 5012, H. R. 69r3, and H. R. 
7010. These provide for maldtig the Patent Office a separate depart- 
ment of the Government, and for increasing the salaries and personnel. 
Hearings on these bills were begun before the Committee on Patents 
on July 9. 

Several measures have been introduced to provide for research on the 
causes, prevention and treatment of the still obscure disease, commonly 
called i^uenza, whidi was epidemic in the United States in the latter 
half of 1918. These measures include: S. Joint Res. 76 (Mr. Hard- 
ing), H. R. 7293 (Mr. Bie.ce), H. R. 7700 (Mr. Iersen), H. R. 7778 
(Mr. Fess), and H. Joint Res. 159 (Mr. Emerson). Mr. Myers has 
introduced S. 1258, “To prohibit experiments upon living dogs in the 
District of Columbia or in any of the Territorial or insular possessions 
of the United States, and providing a penalty for violation thereof.” 
Referred to the Committee on the Judiciary. 

At the request of the Engmeering Council Mr. Jones of Washington 
introduced S. 2232, and Mr. Reavis, H- R. 6649, “To create a De- 
partment of Public Works and define its powers and duties.” These 
bills provide for the assembling of all the engineering activities of the 
Government in one department. The Dq>artment of Public Works 
would replace the present Dqtartment of the Interior, and such bureaus 
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of the latter as are nonengineering in character would be transferred 
to other departments. The new department would indude the following 
existing organizations: Superviang Architect’s OfiBice, Construction 
Division of the Army, several engineering commissions now under the 
War Department, Btireau of Standards, Coast and Geodetic Survey, 
Bureau of Public Roads, and Forest Service. Referred to the Com- 
mittee on Public Lands. 

On July 22 the House passed H. R. 6810, the “Prohibition Bill,” 
introduced by Mr. Volstead: “To prohibit intoxicating beverages 
and to regulate the manufacture, production, use and sale of high- 
proof spirits for other than beverage purposes, and to insure an ample 
supply of alcohol, and promote its use in sdentific research and in the 
development of fud, dye, and other lawful industries.” One of the 
amendments accepted on July 21 just before the final passage of the bill 
was as follows: “That alcohol may be withdrawn, under regulations, 
from any industrial plant or bonded warehouse, tax free for the use of the 
United States or any governmental agency thereof, for the several 
States and Territories, and the District of Columbia, and for the use 
of any scientific university or college of learning, any laboratory for use 
exdusively in sdentific research, or any hospital not conducted for 
profit.” 

Of local interest are S. 2537 (Mr. France) and H. R. 6237 (Mr. 
Lazaro, by request): “To revive with amendments an act entitled, 
‘An act to incorporate the Medical Sodety of the District of Colum- 
bia.’” Referred to the Committees on the District of Columbia. 

THE PUBLIC BUILDINGS COMMISSION AND THE SCIENTmc BUREAUS 

The space available for the Geological Survey, the Btureau of Mines, 
and other sdentific and technologic branches of the Interior Depart- 
ment has been considerably reduced by the action of the Public Build- 
ings Commission, according to the report of that Commission made to 
the Senate on Judy 8. Re-allotments of space have also been made in 
the Departments of Agriculture, Commerce, Navy, Treasury, and War, 
as well as in the various spedal war organizations. The apparent 
saving to the Government from the vacating of rented buildings is 
estimated at about $350,000. The Geological Survey is restricted to 
about one-half the floor space it now occupies. Realizing that the work 
of the Survey cannot be properly done under such conditions and some 
dasses of work carmot be done at all, the sdentific and technical force 
of the Survey have protested this action in the following letter: 

“To the Chairman, Joint Commission to assign space in public build- 
ings: 

"The undersigned, geologists, engineers, chemists, and other sden- 
tific and technical members of the staff of the United States Geological 
Survey, earnestly protest against the recent action of the Public Build- 
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ings Cotnmisaon whidi will result in reducing the space allotted to 
the scientific, technical and clerical employees of the Geological Survey 
in the New Interior Building to 75 square feet per person, or about one- 
half that now occupied. 

“It is beyond argument that the industrial, social, and economic ad- 
vancement of a nation is largely measured by its capacity to encourage 
scientific researches and apply their results. The Federal and State 
governments have recognized this fact by establishing scientific and 
technical bureaus to aid in the development of the country’s resources 
and the administration of the laws. 

“The proper housing of a scientific and technical bureau such as the 
Geologic^ Survey demands adequate consideration of freedom from 
interruption, proper lighting and ventilation, and easy access to nu- 
merous reference boo^, drafting tables, valuable maps in various 
stages of completion, specimens of many materials, ahd considerable 
spedal equipment. 

“The Geological Survey in carrying out the work assigned to it by 
Congress has been able to perform highly useful public service, to draw 
to its staff men of the highest profesaonal training and ideals, and to 
create standards of workmanship and efficiency that are well known 
and widely approved. 

“After 30 years of service the Geological Survey found itself housed 
under crowded and unsanitary conditions that hindered its efficiency, 
menaced the standards of its work, and sufficiently endangered the 
health of its employees to call forth a protest from the Public Health 
Service. At that time the average floor space available to clerical 
employees was about 64 square feet and to scientific and technical em- 
ployees about 102 square feet These conditions led to the prqraration 
of plans for a building e^pedally adapted to the Geologic^ Survey’s 
needs and in r9r3 to the passage of the bill authorizing the construction 
of the New Interior Building, of which the Survey now occupies about 
one-third. 

“The present persormd of the Geological Survey in Washington in- 
cludes about 320 gedogists, engineers, chemists, and other scientific 
and technical employees, about 260 clerical employees, and r2i skilled 
. mechanics and worsen. By the proposed reduction in allotted ^ace 
the first two groups, ^gregating 580 employees, must carry out tiieir 
offidal work in 44000 square feet of floor space, or about 20 per cent 
less than that occupied by a similar corps of workers in the old crowded 
and unsanitary quarters. 

“Careful investigaticm gives convindng evidence that an average of at 
least ISO square feet, or twice that allotted by lie Pubfic Buildings 
Commisaon, is the minimum within which the employees of the Geo- 
logical Survey can perform their official duties with proper'regard for 
effidency^^and standards of work. 

“It is stated that the reduction in allotted space is made in the in- 
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terest of economy. The members of the Geological Survey are entirely 
willing to bear their due share of any burdens imposed by a program of 
national economy, but they protest that the proposed reduction in 
floor space and the resulting crowding will not be an economy but will 
actually cause a loss in efficiency exceeding the saving. 

“We respectfully request that the Public B uilding s Co mm ission re- 
consider the allottment of space as it affects the Geological Survey.” 

NOTES 

Messrs. H. A. Edson and W. W. StockbErger, of the Bureau of 
Plant Industry; W. I. SwanTon, of the Reclamation Service; C. 0. 
Johns, of the Bureau of Chemistry; J. E. Meyer, of the Bureau of 
Standards; 0. S. AdAm, of the Coast and Geodetic Survey; and Sidney 
E. Smith of the Patent Office are assisting the Congressional Joint Re- 
dassification Commission in the dassifleation of the employees in the 
Eederal sdentific bureaus. 

The Bureau of Mines is to be divided into an Investigations Branch 
and an Operations Branch, each with an assistant director in charge. 
Under the Investigations Branch will come mineral technology, fuds, 
mining, petroleum, and experiment stations. Under the (Iterations 
Branch will be a diief derk, a dividon of education and information, 
the mine rescue work, and the Government fud yards. 

Dr. C. G. Abbot, of the Smithsonian Institution, reports successful 
observations of the solar edipse on June 5 at I/a Paz, Bolivia. 

Dr. SamueI/ Avery, formerly major in the Chemical Warfare Service 
in Wadiington, has returned to the University of Nebraska. 

Miss EtBANOR E. Buss, of the Geological Survey, and Miss A. E. 
Jonas are spending three months surveying tibe crystalline rode area 
of northeastern Maryland for the Maryland Geologic^ Survey, correlat- 
ing the Maryland classification and map units with those recognized 
by these geologists and Miss ElorEKCE Bascom, in adjacent portions of 
Pennsylvania. 

Dr. Whxiam Bowie, diief of the Diviaon of Geode^ of the Coast 
and Geodetic Survey, reedved the honorary degree of Doctor of Sdence 
from Trinity (College, Hartford, Connecticut, on June 23. 

Mr. Stephen C. Brown, registrar of the National Museum for over 
forty years, died on July ii, 1919. 

Mr. W. A. Engi/Ish, formerly a geologist of the Geological Survey 
and now engaged in profesaonal work in the oil and gas Adds of Cal- 
ifornia, has returned temporarily to Washington to complete a report for 
the Survey. 

Mr. Samhee W. Epstein, formerly in charge of the rubber laboratory 
of the Bureau of Standards at Akron, Ohio, has been transferred to 
Washington and placed in charge of diemical rubber investigations at 
the Bureau. 
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Mr. J. G. Fairchidd has been reinstated as assistant chemist in the 
Geological Survey after seven years of chemical work in othtf govern- 
ment bureaus and for private interests. During part of this time he 
studied explosives for the arsenal at Dover, N. J., and more recently 
nitrous gas problems for the Bureau of Soils. 

Mr. R. Iv. Faris, Assistant Superintendent of the Coast and Geodetic 
Survey, has been nominated by the President as a civilian member of 
the Mississippi River Commisrion, to succeed the late Homer P. 
Ritter. 

Dr. J. Wadtbr Fbwkbs, chief of the Bureau of American Ethnology, 
left for the Mesa Verde in July to continue his work in the archeologic^ 
devdopment of the Park. 

Mr. Gerard Foweb, who has been conducting archeological fidd 
work for the Bureau of American Ethnology in Missouri, has recently 
sent to the National Museum a large collection of spedmens from the 
Miller Cave, Puladd County, the largest and most significant collection 
yet obtained from a Missouri cave. 

Dr. Wadter Hough has recently returned from the White Mountain 
Apache Reservation, Arizona, where he conducted explorations for the 
Bureau of American Ethnology in a group of large ruins west of Cibecue. 

Mr. Hoyt S. Gale, of the Geological Survey, who has ^ent several 
months investigating the potash resources of Europe for the Depart- 
ment of the Interior, has made a study of the deposits of Alsace and of 
Spain, and will study those of Stassfurt, Germany, before returning to 
the United States. 

Capt. Herbert C. Graves, hydrographer in charge of coastal sur- 
VQTS of the Coast and Geodetic Survey, died suddehiy in London on 
Jidy 26 at the age of forty-nine. He had been abroad since June 12 as a 
representative of the United States at the International Hydrographic 
Conference, and was also one of the ddegates from the American Sec- 
tion of the proposed International Geophysical Union, which met in 
Brussds in July. He was the Secretary of the Washington Sodety of 
Ei^ineers. 

Dr. E. C. Harder has again taken up his work in the iron and sted 
section of the Geological Survey, after spending four months on leave 
of absence in geological investigations in Brazil for commercial in- 
terests. 

Mr. J. N. B. Hewitt, ethnolo^st of the Btureau of American Eth- 
nology, returned to Washington in July, after extended fidd studies 
among the Onondaga near Syracuse, New York, and the Mohawk, 
Aayn^, and Onondaga on the Grand River Grant near Brantford, 
Ontario. 

Mr. J. C. Hostetter has redgned from the Geophysical Laboratory 
of the Carnegie Institution, to tdre up researdr and devdopment work 
for the Steubm Glass Wor^, of Coming, New York. 
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Mr. F. B. IvANBY, who was detailed in 1913 to the Bureau of Mines 
for cooperative research on complex and refractoiy ores, has returned 
to the Geological Survey where he will continue Ms research work on 
the metalliferous ores. After five years at the Colorado, California, 
Utah, and Pittsburgh stations of the Bureau of Mines, he took charge 
of a government metallographic laboratory at Pittsburgh where he co- 
operated with the Ordnance Department of the Army during 1918 and 
1919 in the microscopic examination of metals and alloys used in the 
manufacture of ordnance. 

Dr. WxLXtis T. Dee has returned to the Geological Survey after six 
months’ leave of absence, during which he was head of the department 
of geology and director of the School of Engineering Geology of the 
University of Oklahoma. 

Wesleyan University at its recent commencement conferred the degree 
of Doctor of Science on Dr. E. B. Littell, astronomer of the Naval 
Observatory. 

Mr. E. Russede Lloyd resigned on July 12 as geologist in charge of 
petroleum resources in the Division of Mineral Resources of the Geo- 
logical Survey. He is now geologist for the Ohio- Cities Gas Company. 

Mr. Francois E. Matthbs, of the Geological Survey, gave a series 
of lectures in Yosemite National Park dining the month of July, under 
the auspices of the university extension division of the University of 
California. The subjects were as follows: July 8: Origin of the 
Yosemite Valley, as indicated in the history of its waterfalls. July 9: 
The highest ice flood in the Yosemite Valley. July 12: The origin of ^e 
granite domes of Yosemite. 

Mr. Carl W. Mitman has been appointed Curator of the Division 
of Mechanical Technology in the Smithsonian Institution. 

Mr. C. H. Ober of the Coast and Geodetic Siurvey has been granted 
leave of absence to go with Dr. Alexander Rice’s expedition to the 
Amazon River. 

Mr. Sidney Paige has resumed his duties at the Geological Survey 
after six months’ leave of absence spent in professional work in the 
northern part of South America. 

Mr. John D- Ridgway, chief of the section of illustrations of the 
Geological Survey, has returned from a month’s leave of absence spent 
in a trip to the Pacific Coast. 

Dr. Charles C. Scalione, formerly a lieutenant in the Research 
Division of the Chemical Warfare Service, has been appointed assistant 
catalytical chemist in the Fixed Nitrogen Research Laboratory of the 
Nitrate Division, Ordnance Department, at the American University. 

Dr. H. L. Shantz, of the Bureau of Plant Industry, has been ap- 
pointed botanist with the expedition to South and Central Africa which 
sailed from New York in July under the direction of Mr. Edmund 
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Hbei;ER, of the American Museum of Natural History. Mr. Raven, 
of the Smithsonian Institution, accompanied the expedition as naturalist 
in charge of zoological and anthropological collections. The expedi- 
tion will proceed from Cape Town to Victoria Halls, cross into the 
Bdgian Kongo, and then travel east to Lake Tanganyika, and will be 
abroad for at least one year. 

Mr. R. L. V. Stratton, who enlisted from the Geological Survey to 
serve as paymaster in the Navy during the war and was stationed at 
the Virgin Islands for about eighteen months assisting the new American 
goverrunent of the islands in various capacities, has joined with Ralph 
W. RicmRDS, formerly a geologist of the Survey, in an engineering 
firm with offices in Washington. They will specialize on the evaluation 
of oil and gas properties and the determination of income taxes on such 
properties. 

Dr. J. B. Umpleby, of the Geoloj^cal Survey, has returned from Paris, 
having been temporarily under rae State Department assisting the 
American delegation at ttie peace conference in mining matters. 

Dr. T. Wayland Vaughan, Mr. D. Dale Condit, and Dr. C. Wythe 
Cooke, of the Geological Survey, have returned to Washington after 
spending several months in a geolc^c reconnaissance of the Dominican 
Republic for the Dominican Government. Mr. C. P. Ross, who was 
also a member of the party, has remmned a few weeks longer to make 
special examinations of the water resources in the vidnity of Samand 
Bay. Dr. Vaughan also visited Port-au-Prince, Haiti, and made ar- 
rangements with the Haitian Government for a prdiminary geological 
survey of Haiti. At the request of the Navy Department he later made 
geologic reconnaissances at various other points in the West Indies. 

Mr. C. M. Weber, of Balabac, Philippine Islands, has donated to the 
National Museum an unusually fine series of Philippine land shells, 
induding new forms. 

Dr. R. C. Wells, of the Geological Survey, has returned from a viat 
to the Marine laboratory of the Carnegie Institution of Washington 
at Tortugas, Florida, where he made a number of chemical determina- 
tions on water collected directly from the sea. 

Mr. Dean E. Winchester has returned to the Geological Survey 
after a month’s absence, during which he was engaged in a search for 
mineral fuels on the island of Jamaica for private interests. 

Mr. Robert H. Wood has returned to professional work in the oil 
and gas Mds of Oklahoma, after spending several months in Washington 
completing reports left un^riied when he left the Geological Survey a 
year ago. 
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CHEMICAL CRYSTALLOGRAPHY.— picrate and 
potassium trithionate' optical dispersion and anomalous crys- 
tal angles. HERBERT E. Merwin. Geophysical Laboratory. 

The optical properties of these two compounds were obtained 
in connection with certain researches on other subjects, and are 
placed on record here for the benefit of other microscopists. 

Ammonium Picrate. — ^The following observations were made on 
four samples variously prepared : The crystals are orthorhombic ; 
a sample recrystallized from water consisted of thin scales H 
(010); a sample not recrystallized contained slender prisms 
elongated 1| c; one recrystalUzed from ammonium hydrate con- 
tained equant. grains. Measurements of two prisms corre- 
sponded satisfactorily with previous measurements.^ Refrac- 
tive indices observed microscopically were :a — x.510,^ = x.Sjo, 
y = 1 . 910 . The orientation is a |j ^ |8 jj a, 7 1 | b for light wave- 
lengths greater than 541 uu'i a || c, d || b, 7 1 | a for shorter 
wave-lengths. 2E for 546)11/* = 19°, 578/4/1 = 51°, 6oo/*/* = 60®, 
635i“M = 71 ^ 75 UU ® 82°, 528/4/4 = 33°, and 513/4/* = 45® 

to 55 

The absorption from 700/4/4 to 500/4/4 is a<)8 = 7. The 
original crystals and those recrystallized from ammonium hy- 
drate contained streaks which for 7 and j6 were much redder 
than the main parts of the crystals. The streaks were optically 
continuous with the rest of the crystal and showed no significant 
differences in refraction. 

^ See discussion and observations by H. Bautnhauer, Zeits. Kryst. 49: X25. x^ii. 

* Baumliauer found for Li and Na values of 80® (about) and 56®. 
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From two natural prisms (no) A (oio) refractive index 
measurements gave: 

=* 578 546 II 529 518+ S13+ 507 

/S' =» 1.886 1.926 II 1.956 1.980 1.995 2.015 “ y 

ct «= 1.516+ 

These values are in line with those of Baumhauer, and give (with 
the orientation and 2E) data for calculating p and y. That is, 
0' = jS + 21 to 22 per cent of (7 — 0 ). Therefore the follow- 
ing dispersion: 

TABLE 1 

Dispersion or Ammonium Picrate 


X 

ee 

P 

y 

2 V 

2 E 

668 

1.499 

i. 8 i 5 

1.880 

4 ^- 1 - 

80^* 

58S 

1.508 + 

1.872 

1.908 

29 

56 

546 

1.516+ 

1.925-1- 

1.930 

10 

19 

541 

1.518 

1.933 

1-933 

0 

0 

528 

1 .522 

1.944 

1.961 

17 

33 

513 

r.528 

1.960 

2.004 

23-28 

45-55 


Baumhauer’s observations on potassium picrate show that it is 
very like ammonium picrate* The wave-length for which it is 
uniaxial is evidently shorter than for the ammonium salt. It 
seems safe to infer that this wave-length is practically that of 
the helium green line 502, for which he'obtained a single signal 
when measuring the dispersion of 0 and y. 

Potassium Triihionate ^ — ^Blades about i cm. long were (Ob- 
tained by cooling a hot saturated solution to room temperature. 
The prism angles of these blades were not normal, but as follows 
(the dome angle was normal) : 7 crystals, 10 m faces, 23 I faces, 
10 q faces. 

I A I 39° o' — 39® 27' mean = 39° 13' 

w A w 70 42 — 70 50 mean = 70 46 

q A q I3 — 45 39 mean = 45 31 

At the base of the blades there were numerous stubby crys- 
tals, with normal angles. One of these gave the angles 

I A I - 39 ® 31' 
w A w « 71 3 

• The crystals were prepared and tested by B. T. Ali^en. 
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A second lot of 5 crystals made from a corresponding mother 
liquor by evaporation at room temperature gave the following 
angles which are normal; 

14 faces, i A I 39“ 20' — 39° 40' mean 39® 32' 

5 faces, jw A »t 71 o — 71 15 mean 71 8 

6 faces, q A ? 45 26 — 45 40 mean 45 30 

The prisms of the rapidly-grown crystals represent thinner 
wedges than normal, as if the tendency toward skeletal growth 
parallel to the b axis had caused an actual lengthening of that 
axis. 

The optical dispersion (a and 0 ), of one crystal from each lot 
was determined from natural faces (m), and several less accurate 
determinations of refractive index made on crystals having 
good I faces. No differences of refractive index greater than 
±0.001 were found. Chemical tests do not indicate any solid 
solution. 

TABLE 2 

DiSPSRSION or PoTASSIDM TRITHIONArS. 



OC 

0 

7 

X 

* 0.0001 

.. 0,0001 

* 0.002 

436 

1.5040 

1.5805 

1.621 

486 

(1.4993) 

(1.5732) 

1.612 

546 

1-4954 

1.5673 


578 

1.4941 

1.5649 


589 

(1-4934) 

(1-5641) 

1.602 

656 

1.4909 

1-5607 


691 

1.4903 

1.5591 

1.596 


'2VNa measured 72° ±3°, with no noticeable dispersion. 
The above indices make 2V = 70° ± 1°. 

BOTANY . — On the origin of chicle with descriptions of two new 
species of Achras. H. PiTTiER, Bureau of Plant Industry.* 
Many statements in cyclopedias, handbooks, and even special 
treatises, considered as facts, are really the expression of mere 
rumors collected by travellers and reproduced without the 
necessary discrimination. 

Thus we find in almost all the literature of cacao, that this, 
product is the crop of a tree scientifically called Theobroma cacao 

* Published with the authorization of the Secretairy of Agriculture. 
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L., whereas it is a fact that the larger portion of the cacao beans 
seen in the world market proceeds from another species, Theo- 
broma leiocarpa, described fully fifty years ago by the Swiss 
botanist BemouilH.^ ' 

The general idea is also that the Central-American rubber 
originates from a single species, Castilla elastica. In reality, as 
far back as 1903,® O. F, Cook called attention to the edstence of 
several distinct rubber-producing species of Castilla, of which he 
published no less than four in 1905.* In 1910, the writer took 
up the same subject and completed to a certain extent Cook’s 
work, with the addition of a few more species.* Among other 
things, he showed that Castilla elastica is a species with a very 
limited area in the states of Vera Cruz, Tamaulipas, and Michoa- 
can. Central Mexico, and that most of the seeds used in build- 
ing up the plantations of Ceylon and other countries in the East 
and West Indies and South America, proceeded from the several 
species scattered over Central America. Neverthdess, the notion 
is generally maintained that Castilla rubber is the exdusive 
product of Castilla elastica. Even the distorted name Castilloa, 
with the addition of a superfluous vowd, passes stereot3rpicaIly 
from old publications to those of more recent date. 

So far, the origin of another Tropical American product, the 
chicle, has not been questioned. It was admitted everywhere 
that Achras Zapata E., an important fruit tree known as sapodilla 
or nasehorry in English, and in Spanish as zapotilb, chicozapoie, 
and nispero, was ako the only producer of this substance, which 
is the base of the American chewing gum and is also applied to 
several other uses. On the authority of travellers like Mordet 
and of other authors, I mysdf recorded that spedes as “abundant 
in the lowlands of Tabasco and Chiapas and the western part 
of Yucatan” (see footnote 4) as well as in Jamaica and parts 
cS. Venezuela, without ever suspecting that I was contributing 
to the further spreading of a fallacy. 

1 la Denkscihr* Schweiz. Natoiforsch. Ges. 29; 1-15, pi. 1-7. 1869. 

a The culture of the Central-American rubber tree, U. S. Dept. Agr., Bur. PI. Ind., 
BuB. 49. 

• Sdeacej a. ser. 18: 438. 1903. 

* Contr. U. S. NatL Herb. 13; 247-279, pis. 22-43, figs. 45-34. 1910. 
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My first doubts originated in Venezuela in 1917, when a friend, 
with a certain botanical knowledge acquired under the late Dr. 
Ernst, reminded me of the fact that chicle is one of the export 
products of the Orinoco Valley, adding that he had seen one of 
the trees from which the gum is extracted and did not believe 
it to be Achas Zapota, but perhaps a Mimusops, not unlike the 
peftdare, the puroio, or the masarandPi, from which the Vene- 
zuelan balata gum is obtained. 

At the time, however, I gave little attention to the subject: 
everybody said that the chicle was obtained from the 
nispero tree and nispero, that is to say, Achras Zapota, it had to 
be. But very recently, in May of the present year, on the oc- 
casion of an official exploration of the region between the 
rivers Motagua and Chamelecon in Guatemala and Honduras, 
respectively, I came face to face with one of the so-called 
ndsperos, which I could not, at first, recognize as a species 
of Achras. The tree, nearly one meter in diameter at the base 
and at least 35 meters high, was met on the first hills on the trail 
from Dos Amates to El Paraiso, beyond Da Erancia, in the Molhd 
valley. At first sight, it had the appearance of a Mimusops, but 
the numerous, freshly detached corollas which covered the soil 
under the tree completely lacked the dorsal lobular appendages 
which are characteristic of this genus. Of course, this indicated 
a dose rdationship with Achras Zapota, except that the corollas 
were rotate or almost so, while in the latter they are tubulose; 
but the fact that Achras has been so long considered as a mono- 
typic genus hdped on the moment to discard the idea of its be- 
longing to this genus. 

At the time the study of the floral details could not well 
be pursued further, so I simply resolved to obtain more com- 
plete materials, and meanwhile started on another line of in- 
vestigation. I had with me no less than six monteros, i. e., woods- 
men, some from Honduras, the others from Guatemala, and five 
of them had worked at the extraction of diide. On my asking 
about the name of the tree, the unanimous answer was nispero; 
all agreed, too, that the fruit was edible, hke that of the chicoza- 
pote; but when I asked whether this nispero and the chicozapote 
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were identical, the opinion was divided, one of the men explain- 
ing that there were several kinds (varias closes) of nisperos, 
two of which were bled for the milk. These two grew wild in 
the forest but the one cultivated near the houses for the fruit 
was never tapped, nor used as timber. Of the former two, one 
is met with on the valley flats and is better than the other, which 
always grows on hills. On my asking in what the difference 
consisted, I was told that the milk of the tree growing in lower 
exposures needed one boiling only, while the other required two. 
Just here, let me state that I know nothing about the technique 
of the raw chicle preparation, and the expedition in question 
was such a hurried one that I had no time to go deeper into the 
subject than to obtain from other persons full confirmation of the 
above data. 

Further information tends to verify the above and to show 
that chicle is really the product of several species, belonging 
possibly to more than one genus, of the Sapotaceae. From 
notes taken by G. N. Collins in his expedition to Yucatan and 
Tabasco in 1913, it appears that there are differences in the chicle- 
produdng trees, both in the leaf and fruit characters and in the 
quality of the gum. The trees growing above the 300-meter 
contour line, although similar in every other way to those grow- 
ing at lower altitudes, do not produce latex. We have seen that 
in the Motagua Valley, the latex of trees on the hills is some- 
what different from that of trees on the flats. Mr. Collins gives 
also the information that the average yield is 9 pounds per tree, 
and reaches up to 25 pounds. To show the importance of the 
product, we may add here that hir. Collins' informant exported 
three million pounds of the gum dining 1912. 

Another tree ha\ing a floral structure identical with that found in 
Guatemala, and also described below, was discovered in the cal- 
careous zone of the Chagres Valley in Panama. If we admit 
that both species really belong to Achras, it becomes out of the 
question to continue considering this genus as monotypic, and 
since it is now increased to three members, there is no reason 
why other species having so far escaped botanical collectors, 
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may not exist in Colombia and Venezuda, the flora of which coun- 
tries is very imperfectly known. 

Lastly it appears from the “Notes on Useful Plants of Mexico,” 
published by Dr. J. N. Rose,® as well as from the reports of the 
Comisidn Catastral y de Estudio de los Recursos naturcdes del 
Estado de Sinaloa (March, 1919), that other Sapotaceae, such as 
Calocarpum mammosum Pierre, Bumelia Palmeri Rose, and perhaps 
certain spedes of Lucuma, are to be induded among the dude- 
producing plants. Rose, however, emphasizes the importance 
of Ackras Zapota as the main source of the chewing gum, though he 
adds also that the chide extracted from Calocarpum mammosum 
is the best gum for masticatory purposes. According to the 
Comisidn Catastral de Sinaloa, dude is obtained there from the 
fruits of the bebelamas, which has just been mentioned under the 
name of Bumelia Palmeri. This tree was also collected in Sinaloa 
in 1891 by Dr. Edward Palmer, and in 1910 by Rose, Standley, 
and Russell, but no mention is made of its properties, further 
than the note by Palmer that children are very fond of the 
berries. 

That the wood of Achras Zapota is not generally used as 
building material or for other pturposes, mainly on account of 
its being very scarce, is confirmed by reports obtained by me in 
several Central and South American cotmtries. This wood, 
being heavy, fine grained, and hard, takes a beautiful polish. 
But the tree is ^ared on accotmt of its fruits; furthermore, it 
sddom reaches adequate dimensions. Although there are trees 
no less than 20 meters high, most of the height goes into the 
crown; the trunk is rather short and only about 40 cm. in diam- 
eter at most. Ernst® refers to its being employed in Venezuela 
for making barrel staves, but there are other nisperos in that 
country, and the same conclusion may have been drawn. The 
wood of thenfspero (Achras chicle) noticed by mein theMotagua 
Valley is considered by the natives as incorruptible and may have 
been used by the Mayas for the door lintels of their monuments. 
In the rain forests of the Atlantic coast of Panama, I have 

* Contr. U. S. Nat. Herb, g; 322. 1897. 

' La Hzposidon nacional de Venezuela en 1S83: p. 218. 1884. 
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noticed that while most fallen trees are quickly reduced to mould, 
the trunks of the balata-produdng Mimusops, called also 
nispero, would lie almost indefinitely, keeping in perfect condition. 

From what has been explained so far, the following conclu- 
sions can be drawn: 

1. The nisperos of Central and South America include several 
species of Achras, Mimusops, and other genera of the Sapotaceae, 
so that the name does not necessarily correspond to Achras 
Zapoia. 

2. The ebiclft of co mm erce is not extracted exclusivdy, if at 
all, from the latter species, but mainly from other trees with the 
same vernacular name. 

3. The famous door lintels of the ruins of Yucatan were not 
made from the wood of Achras Zapota, but more likdy from one 
of the other uisperos in the region. 

4. The neotropical genus Achras is not monotypic. Besides 
A. Zapota L., it includes up to the present, two mofe Central 
American species, and others may come to light when the flora 
of northern South America is thoroughly listed. 

5. Considering the importance of the product, a fxuther, careful 
investigation of the facts, in loco, that is to say, in the valleys 
of the Motagua and Rio Dulce, in Peten, Yucatan, and Tabasco, 
is necessary, and should cover the months of April, May and 
June, so that specimens in flower and fruit, as well as wood 
samples, could be procured. 

Following are the descriptions of the two new species of Achras : 
Achras Chicle Pittier, sp. nov. 

A large, deciduous latidferous tree, reaching a height of 25 m. and 
over, with a basal diameter of 50 cm. and over, the trunk straight, 
with a rugose or scaly bark, the crown high and elongate, the branchlets 
thick and glabrous. 

heaves alternate, petiolate, coriaceous, congested on the new growth 
at the end of the branchlets; petioles subterete, narrowly canaliculate, 
puberulent, 2 . 5 to 3 cm. long; leaf-blades obovate-elliptic, long-cuneate 
at the base, subacute at the apex, 12 to 20 cm. long, 4 to 7 cm. broad, 
glabrous, dark green and dull above, light green and almost glaucescent 
beneath; costa impressed above, very prominent beneath, the primary 
vdns numerous, parallel, incon^icuous. Stipules not seen. 

lowers very numerous, congested at the end of the branchlets, the 
pedicds r .4 to 1.8 cm. long, puberulous; sepals 6 (3 3), those of the 



PITOIER: origin op CHICIvE 


437 


outer whorl imbricate, ovate, slightly connate at the base, roimded at 
the apex, grayish pubescent without, glabrous and purplish within, 
about 7 mm. long and 3.5 mm. broad, those of the inner whorl valvate, 
oblong, obtuse at the apex, densely grayish pubescent without, 
purplish and glabrous within, 7 mm. long and 2.5 to 3 mm. broad ; 
corolla rotate, 6-lobulate, glabrous, white, the tubular part i 5 mm. 
long, the lobes exappendiculate, ovate-lanceolate, obtuse, about 6 
mm. long and 4 mm. broad; stamens and staminodes connate at the 
base, inserted at the same height, 2 to 2.5 mm. from the base of the 
corolla, the former slightly exserted, the filaments terete, attenuate, 
about 5 mm. long, the anthers extrorse, dorsifixed ovate or ovate- 
lanceolate, cordate at the base, obtuse, about 3 mm. long; staminodes 
petaloid, ovate-acuminate, broad at the base, subacute, about 4 5 mm. 
long, irregularly toothed or laciniate ; pistil 8 to 8 . 5 mm. long, substipitate, 
the ovary globose-depressed, deeply sulcate, minutely fulvo-pubescent, 
about I mm. high, 2 mm. in diameter, 7-, 8- or 9-celled, the cells unio’ni- 
late; style slender, slightly attenuate, about 7 mm. long, adpressed, 
haiiy at the base, glabrous higher, the apical stigmatic surface papillose, 
minutely tuberculate. 

Fruit globose-depressed, about 3.5 cm. long and 4 cm. in diameter, 
the pedicel thick, about 2 cm. long. Skin brown-ferruginous, almost 
smooth; mesocarp and dissepiments fleshy, succulent, with 4 to 6 
seeds, more or less. Seeds large, compressed, ovate, slightly curved, 
brownish and dull, 2 . 3 cm. long, i . 4 to 1.7 cm. broad, 6 to 7 mm. thick, 
the margin smooth, slightly thiSiened, with a small, narrow, inconspicuous 
dcatricula. 

Type in the U. S. National Herbarium, collected in flower at Vega 
Grande near Los Amates, Department Izabel, Guatemala, at about 
200 meters above sea-level. May, 1919, by H. Pitlier (no. 8537). 

At first sight, this species reminds one of the Mimusops of the manil- 
kara group, an impression that is not sustained by a closer examina- 
tion of the corolla, in which the absence of dorsal appendages is in- 
stantly noticed. This detail, added to the presence of six petaloid 
staminodes, places this species among the Sideroxyleae rather than 
among the Mimusopeae. Furthermore, the genus Achras seems to 
be indicated by the hexamerous floral envelopes and androceum. But 
the corolla is plainly rotate, with a very short tube (almost 4 times 
shorter than the lobes) and not urceolate with the tube half as long 
as the lobes; the margin of the lobes is entire and not sinuate, the de- 
sign of the staminodes is quite distinct, the stamens and style are 
exserted, and the ovary cdls do not seem ever to be more than 9. If 
the dorsal appendages of theCoroUa were present, we would have a perfect 
Mimusops, without them, but with the sepals distinctly biseriate, the 
corolla tube very short, the ovary cells at the most 9, 1 f^t reluctant at 
first to place the tree imder Achras. On the other hand, the fruit 
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aad other characters indicate such a dose relationship that I am con- 
fident the decision to place the spedes in this genus will be sup- 
ported by further study. It seems preferable to introduce a few 
slight modifications in the generic definition rather than to create 
a new division in the already oversplit and somewhat confused order 
Sapotaceae. 

Achras caldcola Pittier sp. nov. 

A dedduous, latidferous tree, 15 to 25 meters high, often over i 
meter in diameter at the base, tte trunh usually straight, covered 
with a 2 cm. thick, rimose bark, the crown reduced, depressed, the 
branching divaricate; latex white; wood hard, reddish. 

Leaves alternate, petiolate, congested at the end of the brandilets, 
coriaceous, entirdy glabrous; petioles terete, canaliculate, 2 to 3 cm. 
long; leaf-blades obovate-oblong, cuneate-attenuate at the base, shortly 
obtuse-acuminate at the apex, 8 to 18 cm. long, 3 to 6 cm. broad, dark 
green and dull above, pale green beneath, the costa impressed on the 
upper face, prominent beneath, the primary veins numerous and 
inconspicuous. 

Flowers numerous, pedicellate, congested at the base of the leaves 
at the end of the branchlets; pedicels more or less pubescent, about i 
cm. long; sepals 6 (3 -1- 3), ovate or ovate-oblong, attenuate toward 
the apex, the exterior ones 5.5 mm. long, 3.5 to 4 mm. broad, densdy 
fuzzy-pubescent without, the interior ones a little longer and narrower, 
pubescent at the apex, dilate on the margin; corolla white, broad 
campanulate or almost rotate, glabrous, 6-lobtilate, the tubular part 
I mm. long, the lobes ovate-acute, 3.5 to 4 mm. long, imbricate, some- 
times denticulate on the margin, exappendiculate; stamens and stami- 
nodes 6, connate at the base, inserted at the apex of the tube; stamens 
as long as the corolla lobes, the filaments terete, apiculate, about 2 . 5 
mm. long, the anthers extrorse, dorsifixed, emarginate at the base, 
obtuse, about 3 mm. long; staminodes petdoid, ovate, bifid, about 4 
mm. long, the margin irregularly denticulate; pistil 4.5 to 5 mm. 
long, the ovary globose-depressed, more or less distinctly sulcate, 9- 
celled, stiff-hairy; style obtuse, glabrous. Fruit not known. 

Type in the U. S. National Herbarium, no. 678503, collected in 
flower, in the dry forests on Eocene limestone around AJhajuela, Chagres 
Valley, Panama, May, 1911, by H. Pittier (no. 3457). 

This spedes differs from Achras Zapota L. in the acuminate leaves, 
the smaller flowers, the broadly open corolla with short tube, the in- 
sertion, size, and drape of the stamens, and the 9-cdled ovary. It 
shows more affinities with Achras Chicle, just described, but has smaller 
flowers, the parts of which also differ in shape and size. 
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GEOLOGY . — The oil Helds of Allen County, Kentucky. Etjgenb 

Wbseby Shaw and Kirteby F. Mathbr. U. S. Geol. Stirve7 Bull. 

688. Pp. 120, pis. 36, figs. 10. 1919. 

This report is designed to be purely geologic in nature, and the re- 
connaissance field work included the determination of the general lay 
of the rocks and details of structure in certain areas. The dips are 
generally too low to be read by the clinometer. Few of the beds of 
this region can be followed any considerable distance, though by means 
of fossils the stratigraphic position of beds outcropping many miles 
apart can be determined within a few feet As the oil sand lies not 
more than 200 feet below the valley bottoms, most of the drilling is done 
with machines. There is no forrest of derricks but instead incon- 
spicuous pumping jacks scattered through the woods and fields of a 
somewhat hilly region. 

The stratigraphy is described in detail. The pay sands occur in 
the “Comiferous” limestone of Devonian age and the Silurian lime-stone. 
The capacity and life of wells, and the origin, source, and mode of ac- 
cumulation of the oil are discussed, favorable structures are shown and 
suitable locations for drilling ate suggested. Circumstantial evidence 
points to the derivation of the oil from plant remains, particularly 
spore cases of ferns and related plants. R. W. Stonb. 

« 

GEOLOGY . — The KanHskna Region, Alaska. Stbphbn R. Capps. 

U. S. Geol. Survey. Bull. 687 . Pp. 112, pis. 17, figs. 6. 1919. 

The Kantishna region lies between Fairbanks and Mt. McEinley 
and west of the railroad from Seward to Fairbanks. The area described 
includes about 4500 square miles. Geologic recotmaissance ^ows 
four pre-Tertiary formations— Birch Creek schist, the Tatina and 
Tonzano groups, and the Totatlanika schist. In none of these rocks 
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have fossils been found, and their differentiation and correlation is 
based largely on lithologic and stratigraphic grounds. Younger forma- 
tions consist of sands and gravdls, shales, ligniticbeds of Tertiary age 
and a great abundance and variety of Quaternary deposits. The pro- 
ductive gold placer deposits of the district are all in the basins of the 
streams that head in the Kantishna Hills. A large part of the gold of 
the stream placer gravels was derived by erosion from the fissure quartz 
veins that cut the Bhrdh Creek schist. The veins which carry gold, 
silver, and antimony have been prospected but the inaccessibility of 
the region has prevented their development. R. W. Stone. 

GEOTOGY . — Some American cretaceous fish scales. T. D. A. Cock- 
erell. U. S. Geol. Survey Prof. Paper 120 - 1 . Pp. 165-202, pi. 7. 
1919. 

Fish remains are extremely abundant in several Cretaceous formations 
of the Rocky Mountains and Great Plains, but except in the Niobrara 
formation of Kansas, a fish skeleton well enough preserved for descrip- 
tion or identification is the greatest rarity. In the original descriptions 
of both the Mowty and the Aspen ^ales of Wyoming the presence of 
fi^ scales is mentioned as a characteristic feature. 

Descriptions of scales without figures are unsatisfactory, especially 
if they are to be largely used by stratigraphers who have no intimate 
knowledge of lepidology. Consequently it has been considered neces- 
sary to illustrate this paper fully, with enlarged figures, from photo- 
graphs. 

This discussion deals almost entirely with a marine fauna. So far 
as known at present the Tertiary fishes mark a considerable advance 
on or at least change from their Cretaceous predecessors. It ought 
to be possible as a rule to distinguish a Cretaceous from a Tertiary de- 
posit by means of a single well-preserved fish scale. The exceptions 
win be found in those groups which range with little change from the 
Cretaceous to the present day — ^the berycoids, dupeids, or hemiramphids. 
Just as the Tertiary fishes mark an advance on the Mesozoic, so also 
the later Cretaceous fishes present evidence of evolution and moderniza- 
tion. This statement appHes not only to the Upper as contrasted with 
the Lower Cretaceous, but also, and rather markedly, to the Montana 
group as contrasted with the Colorado group. Thus evidence is foimd 
of a rather slow and gradual modernisation of the fish fauna, the breaks 
in the series corresponding with the geologic breaks and not being at- 
tributable to any extraordinary migrations or sudden new devdop- 
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ments. Scales of fishes from the Chico, cut off from the inland sea by 
the western uplands, are all different from those in Rocky Moimtain 
deposits. The Chico has a veritable clupeid, but so far no genuine 
dupeids have been found in the Benton, Niobrara, Pierre, or Fox 
Hills. The inland waters seem to have lacked berycoids, which are so 
characteristic of the European strata. R. W. Stone. 

GEOLOGY . — Structure and oil resources of the Simi Valley, Southern 

California. W. S. W. Kew. U. S. Geol. Survey Bull. 691 -M, Pp. 

323-347, pl- 4 , fig- I- 1919- 

This report describes a small oil fidd about 32 miles northwest of 
Los Angdes, in the Simi Valley, Ventura County. All the rocks within 
the Simi Valley district are of sedimentary origin with the exception 
of a few small areas of basic igneous rocks of Miocene age. The greater 
part of the Simi Hills is composed of rocks of Chico (Upper Cretaceous) 
age. In the Simi Valley district, as in other localities in California, 
the Eocene comprises both the Martinez (lower Eocene) and the Tejon 
(upper Eocene) formations. Although these divisions are dsewhere 
separated by an unconformity, the series, consisting of 3,500 to 6,500 
feet of conglomerates, sandstones, and shales of various types, here 
appears to be homogeneous. 

The Monterey group (Miocene), which in the Simi Valley district is 
divided into the Vaqueros sandstone and Modelo formation, is one of 
the most widespread series of rocks in California. The Fernando 
formation is exposed in a series of irregular areas along a syndinal 
region between the Santa Susana Mountains and the Simi and San 
Fernando valleys. It lies with a marked unconformity on all the older 
formations. 

The structure, or attitude of the different strata in the Santa Susana 
Mountains and Simi Valley is closely related to that of the California 
Coast Range, which is characterized by a number of northwestward- 
trending folds, broken by faulting. The Simi Valley oil district lies 
in the midst of the westward-trending ridges of the Coast Ranges and 
embraces a part of two large structural features, the Santa Susana 
Mountains and the Simi Hills. In this region the dominant structure 
is a result of compressive forces which acted from north to south at 
the end of the Pliocene epoch. The principal structural feature in 
the Simi district is the Santa Susana fault which follows closely the 
foot of the steep southern front of the Santa Susana Mountains. The 
Simi antidine is economically the most important structural feature 
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in the Simi region at the present time on account of its association 
with the Simi oil field. 

As the object of this paper is to make recommendations bearing on 
both developed and possible new territory in the Simi Valley, the con- 
ditions imder which the oil occurs in the field situated on the flanks 
of the Santa Susana Mountains and Oak Ridge are briefly reviewed. 
The more productive wells according to the records appear to be 
either along the axis of the anticline or immediately north of it. 

R. W. Stone. 

GEOLOGY . — Anticlines in a part of the Musselshell Valley. C. P. 

Bowen. U.S.Geol. Survey Bull. 691 -P.Pp. 185-209, pi. i. 1918. 

Previous investigations had shown that the Musselshell Valley, 
Montana, is an area in which the rocks have tmdergone considerable 
folding. The work has demonstrated the existence within the area studied 
of several well-developed anticlines and domes, which seem to offer 
structurally favorable places for the accumulation of oil and gas. The 
demonstration of the presence or absence of commercial accumulations 
of these fluids in the folds has been less conclusive, owing largely to the 
imdeveloped condition of the area. 

Sandstones that would serve as suitable reservoirs for the accumula- 
tion of oil occur at several horizons, (i) Near the top of the Colorado 
shale there is a transition zone of thin sandstones and sandy shale 
beds. (2) About 1200 feet below the top of the Colorado. (3) About 
250 to 300 feet lower in the section is another sandstone of similar 
character, but much thinner and more distinctly conglomeratic. 
(4) Associated with and underl3dng the Mowry shale member, 
in the eastern part of the field, are several thin, finely conglomeratic 
sandstones. (5) At the top of the Kootenai there is 40 to 50 
feet of platy, rather fine grained sandstone in approximately the same 
position as the Greybtdl sand of the Big Horn Basin, Wyoming. 
(6) Near the base of the Kootenai there is another coarse, porous 
sandstone of undetermined thickness. 

The Eagle sandstone is not a likely source of oil or gas in most of 
this area, for it has been removed from the crests of most of the anti- 
clines, and thus any oil or gas that may have originally been stored in 
it has had an opportunity to escape. 

This report discusses the geology of the region as a whole, and also 
suggests the most favorable places for future development. 

R. W. Stone. 
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GEOLOGY . — Oil and gas geology of the Birch Creek-Sun River area. 
Northwestern Montana, Eugene Stebinger. U. S. Geol. Survey 
Bull. 691 -E. Pp. 149-184, pi. I, figs. 3. 1918. 

The purpose of this paper is limited to a presentation of the field 
evidence having a bearing on the oil and gas prospects of the area, 
including a description of the broader features of the geology and 
more detailed accoimts of local structural features that seemed to be 
possible sources of oil and gas. 

All the formations in the Birch Creek-Sun River area are of sedi- 
mentary origin. Exclusive of the surfidal rocks the formations pre- 
sent range in age from Carboniferous to probably lower Tertiary. Oil 
and gas possibilities of promise seem to be confined to the Cretaceous 
rocks. Earth stresses of intensity great enough to fold and tilt the 
rocks appreciably from their originally horizontal attitude were de- 
veloped in this region during Paleozoic or later time only after the end 
of the Cretaceous period. 

Summary descriptions of the geologic formations, arranged in their 
proper sequence, are given. 

It is believed that the sandstones in at least the upper part of the 
Kootenai formation, closely associated with the overlying petroliferous 
rocks in the lower part of the Colorado, offer a possibility of being pro- 
ductive of oil or gas. The Colorado shale seems to be of first impor- 
tance as a possible soiurce of oil and gas in northwestern Montana and 
according to present information is the only promising source known. 
In the area here discussed the lower part of this shale was found to be 
petroliferous in every extensive exposure in a belt extending about 35 
miles from north to south across the area between Deep Creek and Sun 
River. It contains bituminous shale, which yields oil on distillation, 
and soft maltha or natural tar in crevices of fractured limestone, which 
very probably is a residuum from the evaporation of petroleum. The 
evidence seems fairly conclusive that this shale offers a source for petro- 
leum that may have accumulated in commercially valuable quanti- 
ties either in the Colorado or in the sandy portions of the Kootenai 
and Virgelle sandstone in immediate contact with it. 

The area described in this report can be readily divided into two large 
structural units which differ greatly in the degree to whidb the strata 
have been deformed. A slightly curving line, in general parallel to 
the mountain front, extending northward a distance of nearly 60 miles, 
would mark a sharp transition from an area on the east in which the 
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beds are Dearly horizontal to an area on the west in which the rocks 
have been severely compressed into folds and broken by faulting. 

In the area of nearly horizontal rocks there are six large anticlines 
whose structure is probably continuous in depth far enough to form 
traps in sands in the Virgelle, Colorado, and Kootenai formations. 
The belt of disturbed rocks in the Cretaceous and Tertiary (?) forma- 
tions adjacent to the mountains in the Birch Creek-Sun River area 
is a small part of a large structural province that extends northward 
far beyond the Canadian boimdaty into Alberta, a distance exceeding 
200 miles, and southward to the valley of Dearborn River. 

R. W. Stone. 

ENGINEERING. — Physical and chemical tests on the commercial 
marbles of the United States. D. W'. Kesseer. Btur. Stand. Tech. 
Paper No. 123 . Pp. 54, pis. 7. 1919- 

This paper is the first report of the Bureau of Standards in connec- 
tion with an extensive cooperative program for investigating the build- 
ing stones of the United States. The other government departments 
participating in the work on different phases of this investigation are 
the U. S. Geological Survey, Bureau of Mines and Bureau of Public 
Roads. 

This paper comprises the results of strength tests, water absoiption, 
porosity, specific gravity, freezing, thermal expansion, electrical con- 
ductivity and chemical tests on 52 different types of marbles produced 
in this country- The purpose of the work is to determine the relative 
value of the different types for building purposes and other special 
uses- 

Compressive strength tests were made on specimens in the original 
condition and on specimens after being soaked in water for two weeks. 
The strength of the dry specimens gave values ranging from 7850 to 
50205 lbs. per sq. in. As a rule the soaked specimens gave lower 
compressive strengths than the dry, and in a few cases the loss due to 
soaking was over 25 per cent. 

Transverse and tensile strength tests are included and show the 
strength of the specimens when broken perpendicular and parallel 
to the bedding planes. 

The freezing tests made for this report consisted in determining the 
loss in weight and strength due to 30 freezings and thawings. While 
these losses were considerable in most cases, some samples showed 
practically no loss and occasionally a gain in strength was indicated. 
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Hence it was decided that 30 freezings are not enough to give a tmst- 
woirthy indication of the dtirability of such materials. An apparatus 
has been installed which automatically shifts the specimens back and 
forth between a cold chamber and warm chamber at certain intervals. 
With the use of this apparatus, it is possible to make a great number 
of freezings which will correspond to several years of exposure to the 
weather. It is proposed to make extensive weathering tests with 
this apparatus to determine more definitely the relative effect of frost 
action on the different marbles as well as other types of building stones. 

Electrical resistivity tests were made on a number of different t3pes 
to determine their relative value as insulators and resistivity tmder 
different conditions of moisture. The results show a considerable 
range of values indicating that there is a choice of marble for use in 
switch boards and allied purposes. 

Measurements of the thermal expansion made on a few samples of 
marble in this investigation show that this material does not expand 
at a uniform rate even at ordinary temperatures. As the tempera- 
ture is increased the rate of expansion increases, hence it is not possi- 
ble to state a coefficient of expansion for marble that will hold good for 
any very great range of temperatures. Another peculiarity brought 
out by these tests was the fact that marble when expanded by heating 
does not contract to its original dimensions as the temperature is low- 
ered, but retains a part of the increase permanently. A number of 
successive heatings show the same effect, each adding an increment of 
length to the specimen, 

A few cases of warped marble slabs are illustrated and a discussion 
is given of the causes which may be instrumental in bringing about 
this warping. 

metallurgy . — Aluminum and its light alloys. Bur. Stand. Cir. 

No. 76. Pp, 120. 1919. 

This circular attempts to give all available information concerning 
the physical and mechanical properties of aluminum and its light 
alloys in summarized form. Commercial alloys are described and 
compared. The corrosion and disintegration of aluminum and its 
alloys are considered. 

Tlie endeavor has been made to reproduce only such data as have 
passed critical scrutiny. Wherever possible, data and information have 
been put into the form of tables and curves. A complete bibliography 
and specifications for aluminum and its light alloys are given. 

J. F. Meyer. 
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metallurgy . — The effect of rate of temperaiure change on Ike 
transformations in an alloy steel. H. Scott. But. Stand. Sd. 
Paper No. 335 . Pp. 91-100, figs. 7. 1919. 

Cooling curves taken on an air-hardening sted of the high speed 
tool sted type show two critical points on cooling from 920° C, one 
occurring at about 750° C. accompanied by the predpitation of the hard- 
ening constituent, the carbide, and the other on fast cooling at about 
400° C. under which condition the carbide remains in solution as 
martensite. On cooling at intermediate rates both transformations 
are observed and the constituents, troostite and martensite, are de- 
tected by the microscope. A transformation is observed on the heat- 
ing curves taken following a fast cooling which is manifested by an 
evolution of heat ending at about 645° C. and which represents the 
predpitation of the carbide hdd in solution by previous rapid cooling. 
The resolution of the carbide under these conditions occurs at a tem- 
perature some 10 to 15° C. higher than after a slow cooling. 

The condusions drawn support the twenty-year-old theory of Le 
Chatdier that martensite is a solid solution of carbide in alpha iron. 

H. S. 
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PHILOSOPHICAL SOCIETY OF WASHINGTON 
SlStH meeting 

The 8i8th meeting was held at the Cosmos Club, April 12, 1919, 
President Humphreys in the chair; 58 persons present. The minutes 
of the 817th meeting were read in abstract and approved. 

The first paper was presented by Mr. Wm. Bowie on Mapping the 
United States for military and ciml needs. This paper was iUustrated 
by lantern ^des. 

The speaker covered the general phases of map making in the United 
States and showed the steps that were taken in making the surve3)s 
and the resulting map, in any area in which no control or maps existed. 
No details were given in regard to the technical questions involved, 
although there are many of great interest in connection with the work 
in the field, in the drafting room, and in the map reproduction plant. 

There are many uses to which maps can be put and, in general, there 
is a map for each of the special uses. Some of the maps are very de- 
tailed in character, showing the natural as well as the cultural features 
and giving accurate contours to show the elevations and configura- 
tion of the ground. 

It was said by the speaker that about 40 per cent of the United States 
has been topographically surveyed but that some of this area will 
have to be resurveyed on account of the improvement in methods 
and the more exacting demands of map users. 

The question before the mapping bureaus to-day is the task involved 
in making accurate contoured maps over the remaining 60 per cent of 
the area of the country. Before this can be done efficiently, precise 
leveling and primary triangulation must be carried into much of the 
unmapped area. The early completion of the map of the United States 
would be of great military and dvil benefit, as accurate maps are es- 
sential from a military standpoint in the defense of the country, and 
from a dvil standpoint it is necessary to have them for the effident 
development of industries and commerce. 

The speaker said that very accurate maps of large scale should be 
made along the coasts of the United States for purposes of defense 
in case of invasion, llie war has proved that troops cannot operate 
effectivdy without very accurate maps on which a great amount 
of military detail connected with the movement of troops may be 
shown. For artillery purposes the maps must be exceedingly accurate, 
in order that long range miug may be effective. 
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Tlie speaker discussed the question of whether accurate maps can 
be made from aeroplanes and expressed the opinion that undoubtedly 
aeroplane photographs can be used in the re\’ision of existing maps. In 
many cases where ^e country is practically flat, aeroplane photographs 
may be used for original sun,-eys. It is probable that difficulty would 
be experienced in making contour maps from aeroplane photographs. 
This would be due to the difficulty of having the camera in a vertical 
position at the time the photograph was taken and on account of the 
condition which would make it impossible to do accurate contouring 
when the contoiu: interval is small. Undoubtedly the aeroplane wiU 
have considerable use in surveying and at present several of the govern- 
ment organizations engaged in mapping are investigating the subject 
of surveying from aeroplanes. 

Discussion. — Capt. Ellis spoke of the German and French maps 
of eastern France. Mr. J. F. Hayford discussed the possibilities of 
mapping from aeroplane photographs. Mr. G. K. Burgess spoke of 
the work of the French in constructing maps for Algeria and Morocco 
from aerial photographs. 

The second paper was by Mr. Oscar S. Adams on A study of map 
projections in general and was also illustrated by lantern slides. 

The difficulty encountered in map construction arises from the fact 
that the earth’s surface is ^psoidal in shape and is consequently 
non-developable, that is, it cannot be spread out in a plane without 
some stretching, some tearing, or some folding. The determination 
of a projection consists in fixing upon some system of lines in the plane 
that will represent the meridians and parallels upon the earth. An 
orderly arrangement of these lines, such as to give a one-to-one corre- 
^ondence between the points on the earth and those upon the plane, 
is generally expressed in terms of some mathematical formula, and in 
fact all projections in use can be so stated. 

In studying projections there are four main things to be considered. 
These four considerations are: 

(1) The accuracy with which a projection represents the scale along 
the meridians and parallels. 

(2) The accuracy with which it represents areas. 

(3) The accuracy with which it represents the shape of the features 
of area in question. 

(4) The ease with which the projection can be constructed. 

scale of a map in any given direction at any point is the ratio 
whidh a ^ort distance measured upon the map bears to the correspond- 
ingffistance upon the surface of the earth. 

The subject of map projections is generally treated imder the follow- 
ing subdivisions: 

(a) Perspecdve or geometrical projections, (b) Conical projec- 
dons. (c) Equivalent or equal area projections, (d) Conformal pro- 
jections. (e) Azimuthal or zenithal projections. 

These classes are not, however, mutually exclusive since a given 
projection may belong to two or sometimes three of the classes. 



proceedings: phieosophicae society 


449 


The subject of map projections is a very wide one and some of the 
considerations have their roots extending far into the fertile soil of pure 
mathematics. A careful working out of the results for any one pro- 
jection forms a good exercise in the practical application of mathematical 
knowledge. 

Discussion. — ^This paper was discussed by Messrs. Sosman and Wm. 
Bowie. 

Adjournment took place at 9.53 p.m. and was followed by a social 
hour. 

819TH meeting 

The 819th meeting was held at the Cosmos Club, May 10, 1919, 
President Humphreys in the chair; 40 persons present. 

The minutes of the 81 8th meeting were read in abstract and approved. 
The first paper was presented by Mr. F. J. Scheink On tJie nature of 
the inherent variability of measuring instruments. 

This paper treats of those characteristics of the performance of an 
indicating measuring instrument, on account of which the instrument 
fails to give identical readings for repeated applications of the same 
value of the quantity being measured. Variable errors introduce 
serious difficulties, and the obtaining of a high degree of freedom from 
variability in instrument operation, although it has not until very re- 
cently been given any general or systematic consideration, is &ely 
to be very much more important than mere smallness of calibration 
error. A means of defining the variability of measuring instruments, 
either indicating or integrating, with respect to random observations 
in calibration, is illustrated, in which the characteristics of the instru- 
ment, as regards dispersion of readings, are set forth by reference to 
tlie surface defined by a family of probability curves. 

The concepts of resilience and the cyclic state with respect to instru- 
ment operation are next introduced and it is shown by experimental 
results on a typical indicating instrument of considerable mechanical 
complexity that when once cyclic or regularized operation is set up, 
the indications lie upon a hysteresis loop which, while defining a zone 
of uncertainty or variance, is in itself definite and reproducible with 
high precision, provided that the successive increments of the inde- 
pendent variable are applied aperiodically and in the absence of jarring 
or vibration, in such maimer as to avoid all overshooting of the final 
reading. This method is directly applicable only in the absence of 
appreciable transient after-effects in the operation of the instrument. 

The causes of instrumental hysteresis may be either elastic or mechan- 
istic; the nature and effect of the latter are illustrated and explained. 
The type of calibration that would obtain in the absence of friction 
has been determined by the study of instruments subjected to vigorous 
jarring and the relation between cyclic and acyclic calibration was thus 
made evident. An experiment was shown using a crude type of auto- 
matic weighing scale which served to demonstrate the determinate 
nature of the hysteretic lag in the unvibrated, aperiodic condition of 
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operation, as well as the influence of jarring upon the nature and amount 
of the lag. 

The paper was illustrated by lantern slides. 

The paper was discussed by Messrs. C. A, Briggs and W. P. WmTO. 

The second paper was presented by Mr. R. T. SanPord on Magnetic 
analysis. 

This paper gives a definition of magnetic analysis and briefly dis- 
cusses the scope of the subject. 

It Joints out that a method which makes possible the testing of 
stedi and steel products without in any way injuring the product gives 
promise of having very great commercial value. 

The very strict correspondence between the magnetic and mechanical 
properties may serve as the basis for such a non-destructive method of 
inspecting sted products by comparison with tested samples which thus 
constitute standards of quality. 

The proper interpretation of the results of magnetic analysis re- 
quires a full and complete knowledge of the correlations existing be- 
tween magnetic and other properties of steel. Much remains to be 
done along this line. 

A number of applications of magnetic analysis that give promise of 
practical value are described. Bach t5rpe of problem requires an indi- 
vidual solution and there are many types of problems. 

It is not by any means to be claimed that magnetic anal3rsis will 
displace any of the present well established methods of metallography. 
On the other hand, it bids fair to develop into a powerful tool in 
the hands of the investigator as wdll as a rapid and accurate mpgn.Q 
for the testing of steel and sted products. 

The paper was illustrated by lantern slides. 

Discussion , — This paper was discussed by Messrs. White, Sosman, 
C. A. Briggs, Dickinson, Crittenden, Herschel, and Agnew. 

Adjouminent took place at 9.50 p.m. and was followed by a social 
hour. 

S. J. Mauchdy, Recording Secretary, 



GEOLOGICAL SOCIETY OP WASHINGTON 

aSetH MEBTING 

The 336th meeting was held at the Cosmos Club, Wednesday eve- 
ning, May 7, 1919, President Uerich presiding, and 173 persons present. 

AiPRED H. Brooks: Some geologic probkms relating to the war in 
Europe. 

At the outbreak of the war no provision had been made for the use 
of geologists in any of the belligerent armies. So far as known the 
British Expeditionary Force was the first to employ geologic officers 
in determining water supply, and the Germans the first to recognize 
the need of geologic knowledge in military mining. In the latter field 
the British soon followed, and under the leadership of Lt. Col. T. 
Edgeworth David carried the geologic work to a much higher degree 
of refinement than did any of the other armies. Geologic staffs were 
organized in both the British and German armies early in 1916, and 
probably at about the same time geology was given some recognition 
in the Austrian Army. A geologic section was established in the 
American Expeditionary Force in September, 1917. There were no 
geologic officers in the French Army during the entire war, though 
some of the French engineers made use of the science. 

The principal applications of geology to military problems are as 
follows: 

(1) The determination of water resources, both underground and 
surface, at the front and along the line of communication. 

(2) The determination of the physical character of soil, subsoil, and 
be^ock and the presence or absence of underground water with rela- 
tion to their effect on field works, including trenches, dugouts, and 
mines. 

(3) The distribution, occurrence, and quantity of road metal, ballast, 
and material for conaete. 

(4) The determination of the physical character of soil, and subsoil 
during wet and dry seasons, with relation to its influence on the move- 
ment of large bodies of troops and of artillery and tanks. 

Practically all uses of geology fall within the above general classifica- 
tion. It is evident that any engineering project involving extensive 
excavation may call for geologic knowledge. It is evident too that the 
sanitation of camps and cantonments must take cognizance of the un- 
derground drainage conditions as well as of water supply and surface 
formations. It has been found that certain geologic conditions by 
furnishing good electric transmission favor the use of the listening de- 
vices which were extensively used during the period of trench warfare. 
It should be added that one of the important uses of geology in the 
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American Expeditionary Force was the forecasting of the physical 
conditions within the enemy’s lines. 

337TH meeting 

The 337th meeting was held at the Cosmos Club on Wednesday 
evening, May 14, 1919, President Ulrich presiding, and 58 persons 
present. 

Capt. Charles H. Lee : Experiences in supplying water to our army 
at the front. 

Drainage areas and general geology with special reference to pervious 
and impervious rocks were described. The rivers are widely distributed 
and in many areas springs are a very valuable source of water supply, 
especially in Northeastern France where the American Expeditionary 
Force was engaged. The most important are contact springs between 
limestone and shale. The Paris Basin is an artesian basin, the water 
being in greensand formations. Illustrations were shown of the various 
methods used by the engineers to supply the troops with water, 
including the construction of dams and concrete and wooden tanks, 
and the transportation of water both by pipe lines, automobile trucks, 
wagons, and, lastly, by small tanks on men’s backs delivered directly 
to the men in the trenches. 

Kirk Bryan: Habits of thought of a geologist applied to military 
problems. 

The speaker related his experience as a private in the Intelligence 
Section (G-2) of the 5th Army Corps, Fir^ American Army, during 
the St. Mihid and Argonne-Meuse operations extending from Septem- 
ber 12 to November ii, 1918. He referred to the demand for geologic 
and physiographic information in active military operations and showed 
examples <5 such work done under the disadvantageous conditions of 
war. He pointed out that geologists have a mental limitation which 
compels them to think along professional lines; they should on this 
account be placed in such position in an army that this habit of thought 
will be most useful. One of these places is in the Intelligence Section 
where studies of the terrane are required and can be most readily cir- 
culated. 

These studies will be of two t3rpes: (i) general papers referring to 
large areas in the theater of war and sent out from Army Headquarters 
from time to time; (2) ^dal local reports of enemy defensive areas or 
of tte zone of advance sent out from Army Corps Headquarters im- 
mediatriy previous to an attack. These descriptions should be skil- 
prepared on the basis of a genetic study of the physiography but 
without tec hn ica l language and accompanied by diagrams, profdes, 
sketches and, when available, photographs. The object of the re- 
ports is to stimulate the imagination and assist in the visualization 
of the enemy country. Over this countiy troops must advance and 
it is too mudh to expect that the officers of the time, largdly drawn from 
civilian life, ^ould be adepts at the difficult art of visualization from 
maps. For, however good the maps, visualization is a difficult tnmta.1 
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process even for trained men and accurate skilfully written descriptions 
are a great aid. 

Adolph Knopf: Present tendencies in geology: metalliferous deposits. 

The chief problems and tendencies at the present time in the study 
of ore deposits are: (i) the reaction against undue dependence on the 
microscope, whether it be the petrographic or the metallographic 
microscope; (2) the determination of the influence of pressure and tem- 
perature in pr^ucing the mineral facies of ore deposits, and as a corol- 
lary, the zonal distribution of ore deposits around intrusive centers; 
(3) the application of physical chemistry to the problems of ore deposi- 
tion; (4) the reaction against the extreme acceptance of the doctrine 
of the origin of ore deposits from magmatic waters; (5) the application 
of physiography to economic geology, especially with reference to the 
origin of gold, icon, manganese, and nickel deposits as related to the 
devdopment of peneplains; (6) the bringing of economic geology into 
closer touch with economics and with tte larger sodal polides of the 
State; (7) the taking of inventories of the world’s chief mineral resources; 
and (8) the estimation of mineral reserves by improved methods, espe- 
dally by applying the modem methods of statistical analysis. The war 
and the problems arising from the war as to the international adjust- 
ment of mineral supplies have particularly emphasized the need for 
detailed information on the world’s mineral resources, espedally for 
information of a quantitative character. 

Ralph W. Stone, Secretary. 



SCIENTIFIC NOTES AND NEWS 

MATTERS OR SOENTIPIC INTSRBST IN CONGRESS 

Since the last report in this Journal^ Mr. Bacharach’s bill (H. R. 
7785) has been passed by the House of Representatives, and is now in 
the hanck of the Senate Committee on Finance. 

The bill as now drawn provides an increase of 15 per cent in the ex- 
isting duty on dhemical glassware, 10 per cent on porcelain ware, 25 
per cent on sdenl^c instruments, 40 per cent on surgical and dentd 
instruments; removes optical glass from the free list and places thereon 
a duty of 45 per cent; and repeals the existing “duty-free provision." 
It was debated in the House (in session as Committee of the Whole) on 
August I and 2. Mr. Bacharach presented the principal arguments 
for the bill, emphasizing not only the “revenue," “Mant industry,” and 
“dheap foreign labor” arguments whidi support all protective tariff 
bUls, W also the “key industry” and “foreign propaganda” arguments, 
whi(^ are comparatively new in American tariff discusson. The latter 
two arguments were scarcely referred to again during the debate. The 
strongest future foreign competition, according to Mr. Bacharach, is 
expected to omie from Japan, not from Germany. Mr. Moore, of 
Ohio, also supported the bill on behalf of glass and porcelain manufac- 
turers in his district. Mr. GrirFin, of New York, opposed the bill, as- 
serting that it was “the opening gun in the battle for a general increase 
of the tariff." Mr. ErrcHiN, of North Carolina, also opposed it, a^- 
ing in favor of a licensing system instead of a protective tariff. The 
test of the debate was essentially political. An amendment to insert 
“watch crystals, 60 per cent ad vdorem” went out on the point of order 
that the bill related only to chemicd and laboratory glassware. Three 
Democratic amendments to restore existing rates were defeated; 
likewise an amendment to retain the duty-free provision, in supporting 
which Mr. Ertchin asserted that the reped of the duty-free clause 
would tax college students $900,000 yearly for the benefit of the manu- 
facturers. The diviaon on this amendment, as pointed out by Mr. 
Kitdiin, was on strictly party lines. 

Mr. Taylor, of Colorado, introduced, on August 14, H. R. 8441 : 
“Authoriring the Seaeta^ of the Interior to make investigations, 
through the Bureau of Mines, of (d dide to determine the practica- 
bility of its utilization as a commerdd product.” Referred to the 
Committee on Appropriations. A aitnilar bill was introduced in the 
Senate on August 4 by Mr. King (8. 2722). 

Mr. France, of Maryland, has introduced in the Senate a resolu- 

* This Jovasja, 9: 4a i. 1919. 
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tion (S. J. Res. 91) “conveying the thanks of Congress to Dr. James 
Harris Rogers, of Hyattsville, Maryland, the discoverer of imder- 
ground and underwater radio.*’ An appropriation of $1,000 is pro- 
vided for a suitable gold medal. Referred to the Committee on Naval 
Affairs. 

A message from the President on August 21 (H. Doc. 197) trans- 
mitted an invitation from the Government of the French Republic to 
that of the United States to send delegates to a proposed conference at 
Paris on September 30, 1919, “to consider questions relating to the re- 
organization of the service of the exchange of meteorological informa- 
tion,” with a recommendation from the Secretary of Agriculture that 
appropriation be made for two delegates to the conference. Referred 
to the Committee on Appropriations of the Senate, and the Committee 
on Agriculture of the House. 

Hearings have been completed on the Patent Office reform bills. 

NOTES 

An Agricultural History Society has been organized in Washington 
“to stimulate interest, promote study and facilitate publication of 
researches in agricultural history.” The officers are: President, 
Rodney H. True, of the Bureau of Plant Industry; Vice-Presi- 
dent, Wm. J. Trimbee, of the North Dakota Agricultinral College; 
Secretary-Treasurer, Lyman Carrier, of the Bureau of Plant Indus^; 
Members of Executive Committee, R. W. EIeesey, of Haverford, Penn- 
sylvania, and O. C. Stine, of the Office of Farm Management. 

The Chemical Society of Washington (the local section of the Amer- 
ican Chemical Society) held its summer excursion on August 15, going 
by boat to the smokdess powder plant and the naval proving grounds 
at Indian Head, Maryland. 

The Division of Birds of the National Museum has recently ac- 
quired by exchange from the American Museum of Natural History 
665 bird skins from Colombia, forming a part of the material upon 
which Dr. F. M. Chapman based his “Distribution of Bird-life in 
Colombia,” published in 1917. 

Dr. C. G. Abbot, of the Smithsonian Institution, returned from 
his expedition to Sou^ America on July 30. 

Dr. D. G. Byers, of the University of Washington, Seattle, recently 
a captain in the Chemical Warfare Service in Washington, has been 
appointed chief of the division of chemistry of the Bureau of Soils. 

The Division of Plants of the National Museum has received a col- 
lection of about 1300 specimens from Colorado and New England, pre- 
sented by Dr. S. F. Beake, of the Bureau of Plant Industry. 

Dr. F. G. CoTTREEE has been appointed assistant director of the 
Bureau of Mines, in charge of the newly organized investigations 
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branch. The operations branch has been placed in charge of Mr. 
F. J. BaidEy, formerly chief derk of the Bureau. 

Dr. Abraham Jacobi, a non-resident member of the Academy, died 
at his summer home at Bolton Landing, New York, on July lo, 1919, 
in his ninetietli year. Dr. Jacobi was bom at Hartum, Westfalen, Ger- 
many, on May 6, 1830. He came to the United States in 1853, as a 
result of his participation in the revolution of 1848. His sixty-six 
years of active medical work in New York City, during which he lec- 
tured and taught in several of the medical colleges of that dty and con- 
tributed voluminoudy to medical literature, earned him the title of 
“the father and founder of American pediatrics.” He had been a 
member of the Academy since 1899. 

Dr. J. A. Le Ceerc resigned on August 31 from the Bureau of Chem- 
istry, U- S. Department of Agriculture, and is now with the Miner- 
Hillard Milling Company of Wilkes-Barre, Pennsylvania. 

Mr. J. J. Skinner, of the Bureau of Plant Industiy, has been awarded 
the Edward Longstreth Medal of Merit by the Franklin Institute of 
Philaddphia, for his paper on “Soil Aldehydes.” 

Dr. J. E. Spijrr has resigned from the Bureau of Mines, to become 
editor of the Engineering and Mining Jatimal of New York. 

Dr, Joseph B. Umpi^eby has resigned from the U. S. Geological 
Survey to accept the position of Director of the School of Engineering 
Geology of the University of Oklahoma, at Norman, Oklahoma. 
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BOTANY . — The anay, a new edible-fruited relative of the avocado. 

S. F. Beaks, Bureau of Plant Industry. 

One of the most interesting results of the explorations in 
search of new and desirable avocados and related fruits, carried 
on in Central America for several years past by Wilson Popenoe 
of the Office of Seed and Plant Introduction, is the discovery 
of the anay. Guided by the reports of natives, Mr. Popenoe 
first met with the species on September 23, 1916, when two 
trees were found at the entrance to the Finca El Compromiso, 
half a mile from Mazatenango, Guatemala, at an elevation of 
about 365 meters. Other trees were known to the natives in 
the near-by forest, and were visited by them at the proper 
season to secure the fruit. The two trees seen by Mr. Popenoe 
had been left to provide shade for young coffee trees when the 
forest was cleared. They were about 22 meters high, with the 
tall and slender trunk bare of branches for a considerable dis- 
tance, and an open rounded crown. On this occasion Mr. 
Popenoe, being unable to find a native venturesome enough to 
climb the trees, had to content himself with pieces of the bark 
and with some of the fruits, which were lying in profusion on 
the ground. He also secured leaves from sudcer shoots at the 
base of one tree, but comparison with specimens secured from 
the same tree on a later trip shows that these belong to some 
other plant. 

The fruits of the anay, which ripen in August and September, 
are very similar in external appearance to those of certain types 
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of avocado {Per sea americana). They are lo to 15 cm. loag, 
ellipsoid-pyriform, sometimes curved, sometimes pointed at apex, 
often with diaiply defined nedc, with the body slightly com- 
pressed, and smooth, glossy, purplish black surface. The skin is 
very thin and membranous, adhering closdy to the firm, oily, 
rather scanty flesh. This is divided into two zones of color, 
equal in thickness, the outer pale green, the inner greenish 
cream-color, both b eing more sharply defined than is ordinarily 
the case in the cultivated avocado. The flesh has a rich, bland 
flavor, like that of a very good avocado, but faintly sweetish. 
The large, obovoid seed, with the pointed end toward the base 
of the fruit, has a thick, almost fibrous, outer seed coat and a 
membranous inner one closely including the cotyledons, but not 
always readung to their apex. The pubescent plmnule lies im- 
mediately at the base of the cotyledons, while in the avocado it 
is located some distance above this point. The fruits fall while 
still hard, ripening in two or three days, and germinating freely 
on the ground beneath the parent tree. Most of the specimens 
found by Mr. Popenoe had been attacked by insects, which 
tunneled through the seeds. 

The notes from which this description of the fruit has been 
drawn up were made by Mr. Popenoe on his first visit to the 
trees. On a later virit, on January 17, 1917, a mozo was found 
who ascended one of the trees by means of a near-by palm and 
threw down branchlets with leaves, yotmg fruit, and a very few 
flowers. Study of these shows that the anay is not a Persea, 
as Mr. Popenoe at first supposed, but an tmdescribed species of 
the genus Hujelandia, which is at once distinguished from the 
avocado {Persea americana) and its near relatives by the fact 
that the anthers are 2-celled instead of 4-celled. 

Since collecting the anay at Mazatenango, on the west coast 
of Guatanala, Mr. Popenoe has found it at Chamd, on the jElio 
Chisoy in the Us u m a cin t a basin in Alta Verapaz, northeastern 
Guatemala, at an altitude of about 300 meters, although no 
specimens were obtained. It is the beUef of Mr. Popenoe that 
the name of the old Maya settlement Anait^, farther north in 
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the same valley near the ruins of Mench6 Tinamit and Yax- 
chilan, has reference to the former abundance of the anay in the 
same region. 

The anay, both in the vicinity of Mazatenango and in the 
Usumacinta Valley, grows in moist regions at an elevation of 
only 300 to 365 meters. For this reason Mr. Popenoe believes 
that it will not succeed in California, but that it may do well in 
southern Florida. Young trees grown from seeds collected by 
Mr. Popenoe are now cultivated in the Plant Introduction Gar- 
den at Miami, under the Seed and Plant Introduction number 
43432, and their future will be watched with much interest. In 
its native haunts the species was reported by natives to flower 
in May, but from the specimens collected by Mr. Popenoe it is 
dear that the flowering season is December and January. The 
fruit ripens in August and September. 

As this spedes of Hufekmdia is known throughout its range as 
anay (pronounced ^-ni,^ and as it is intended to bear the same 
name on its introduction into culture in the United States, it 
may be called 

Hufelandia anay Blake, sp. nov. 

barge tree, up to about 22 meters high, with thick, reddish brown 
bark; braachlets stout, angulate, densely griseous or rufescent-puber- 
ulous with sordid incurved hairs, at lengfth glabrate; leaves alternate, 
rather crowded toward the ends of the branches, the blades 13 to 20 
cm. long, 7.5 to 10 cm. wide, oval, abruptly short-pointed (acumen 
about I cm. long, obtuse), rounded to cuneate at base, chartaceous, 
pinnate-veined with 10 to 14 pairs of lateral veins diverging at an 
angle of about 70°, above green, sordid-puberulous along costa and 
lateral veins, essentially glabrous on the slightly prominulous-reticu- 
late surface, beneath glaucous, rather sparsely puberulous on the sur- 
face with whitish hairs, more densely so on veins with sordid loose 
hairs, with rather prominent secondary veins and obscure tertiaries; 
petioles stout, sulcate, sordid-puberulous especially above, 2.5 to 3.3 
cm. long: panides axillary, sordid-puberulous, sparsdy branched (at 
least in fruit) and rather slender, 9 to 15 cm. long (induding the 4 
to 7 cm. long peduncle); pedicds in young fruit somewhat davate, 
about 3 mm. long; perianfli sordid-pilosulous on both sides, 2.5 mm. 
long, tie segments subequal, oval, rounded at apex, 1.5 mm. wide; 
perianth tube extremely short; stamens of series I oblong-dliptic, 1.9 

* The system of diacritical marks here used is that of Webster’s Dictionary. 
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Fig- t. — Sufektndia anay. l^eaf, fruit, and longitudinal section through fruit and 
seed, showing plumule at base of seed, all nearly natural size; a, flower; h, 
stamen ci series I; e, stamen of series H; d, stamen of series III, seen from 
dorsal ^e; e, staminode; /, ovary. Details about scale 10. 
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mm. long, sordid-pilose on back and dliate to upper levd of anther 
sacs, papillose above, the filaments about 0.4 mm. long, pilose down 
middle inside, gradually widened into the 2-celled anther, this narrowed 
into an obtuse appendage about as long as the filament; those of series 
II similar, 1.5 mm. long, the filaments 0.35 mm. long, pilose on both 
sides, the 2-celled anther 0.65 mm. long, lie triangular obtuse papfi- 
lose tip 0.5 mm. long; those of series III 2 mm. long, the filaments com- 
paratively slender, i mm. long, pilose outside and down midline within, 
bearing at base two globose sessile basally pilose glands slightly more than 
half as long as the filament, the oval extrorsdy 2-cdled anther i mm. 
long (including the 0.3 mm. long obtuse papfilose appendage), papil- 
lose-pilosulous on bad:; staminodes triangular, acuminate, 0.9 mm. 
long, very shortly stipitate, pilose dorsally, glabrous inside; ovary sub- 
globose, narrowed into and about equaling the stout style and obliquely 
conical stigma; friut eUipsoid-pyiifoim, glossy black, thin-skinned, 10 
to 15 cm. long; seed very large, obovoid, with thick outer coat; embryo 
at extreme base of cotyledons. 

Type in the U. S. National Herbarium, no. 1011734, collected in 
loamy soil of tropical forest at Finca Compromiso, Mazatenango, 
Guatemala, at an altitude of about 365 meters, January 17, 1917, by 
Wilson Popenoe (no. 754). 

Hufelandia anay js easily distinguished from the two species of the 
genus previously described from Mexico and Central America, H. 
mexicana Mez and H. costaricensis Mez Pittier, by the fact that 
its leaves are glaucous beneath. Prom H. pendula (Swartz) Nees, of 
the West Indies, which agrees in the glaucescence of its leaves, H. anay 
differs in its larger oval leaves persistently pubescent beneath, its larger 
sordid-pilosulous fiowers, and its much larger fruit. 

A related species, collected on the Volcan de Po&s in Costa Rica by 
Mr. Henri Pittier some years ago, may also be described in this con- 
nection. The native name of this tree is not known, nor is the nature 
of its fruit. 

Hufelandia ovalis Blake, sp. nov. 

Medium-sized tree; brauchlets stoutish, subangulate, olive-brown, 
dnereous-puberulous with appressed hairs, glabrate; leaves alternate, 
the blades 5.5 to 8 cm. long, 3 to 4.7 cm. wide, oval, acutish or obtuse, 
at base cuneate to rounded-cimeate, pinnate-veined with 6 to 7 pairs 
of prominulous lateral veins, thick-pergamentaceous, above dull green 
or slightly ludd, prominulous-reticulate, rather qiarsely pilosulous 
with loose whitish hairs, glabrescent at maturity, beneath glaucous, 
findy prominulous-reticidate, pilosulous with loose, curved, whitish 
hairs, along the veins more densdy sordid-pilosulous; petioles stout, 
fiattish, sordid-pilosulous, 7 to ii nun, long; pedundes axillary, loosdy 
sordid-pilosulous, 2.5 to 3.5 cm. long; panides ovoid, dense, shorter 



462 COBB AND BARTLETT: INHERITANCE IN OENOTHERA 

than the leaves, sordidly tomentose-pilosulous, 1.8 to 2.5 cm. long, 
1.5 to 3 cm. tride; pedicds i to 1.5 mm. long; perianth 2.5 mm. long, 
soon deciduous, sordidly phosulous-tomentidose both sides, the tube 
obscure, the segments subequal, oval, rounded at tip; stamens of 
series I 2.2 mm. long, the stout filaments 0.8 mm. long, pilose on 
back and down midfine within, the 2-celled ovate edliate sparsely 
papillose anthers i mm. long, the quadrate obtuse appendage 0.3 
mm. long; those of series II similar, 2.4 mm. long (filament i mm., 
anther i.i mm., appendage 0.3 mm.); those of series III 2.2 mm. long, 
the filaments slender, pilose, i mm. long, bearing at base 2 cordate- 
globose short-stipitate glands essentially as long, me extrorsely 2-cdled 
anther 0.8 mm. long, the thick truncate appendage 0.4 mm. long; 
staminodes i.i mm. long, deltoid, acute, pilose on back and on the 
short, broad stipe; ovary glabrous, globose-ovoid, 1.5 mm. long, nar- 
rowed into the 0.5 mm. long style and oblique stigma. 

Type in the U. S. National Herbarium, no. 578438, collected on the 
Volcan de Pods, Costa Rica, altitude 2300 meters, Mardi 31, 1907, 
by H. Pittier (no. 2040). 

Hufelandia oaalis is rdated to H. attay and H. pendvJa. From the 
former it may be eaaly distinguidied by its much smaller, finely prom- 
inulous-reticulate leaves, its longer filaments, and its larger floral glands. 
From the latter it differs in its thicker more fin^y reticulate leaves, 
its dense ovoid panicle, and its longer filaments. 

GENETICS . — On Mendelian inheritance in crosses between 
mass^utating and non-mass-mutating strains of Oenothera 
pratincola.^ Erieda Cobb and H. H. Bartlett. 

A former paper* has dealt with the striking difference in muta- 
bility between certain strains of Oenothera pratincola that are 
morphologically identical. The strains in question were de- 
rived from seeds of wild plants collected in 1912 at Lexington, 
Kentudky. Several of them, typified by the strain designated 
as Lexington C, show only a moderate degree of mutability. 

* Papers from the Department of Botany of the University of Michigan, No. i6o. 
Hiis paper is published as presented at the Pittsburgh (1917) meeting bf the Botan- 
ical Society of America. It has been lying in manuscript sinoe the fall of 1917* 
The data upon which it is based have since been greatly amplided. The new re- 
sults are based upon much larger cultures and verify those here presented, but are 
not yet ready for publicatiaa. A prdiminaiy abstract has appeared dsewhere. 
CProc, Mich. Acad. ScL 1918: 151. 1919.) 

H. H. Afssr mutadon in Oenothera pratincola. Bat. Gaz. 60: 
435-^6. 191S* 
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They have given rise to a number of interesting mutations, one 
of which, mut. nummularia, is especially conspicuous in the young 
seedling stage because of its orbicular leaves, and was on that 
account the first to receive intensive study.® In general, the 
mutations of the relatively stable strains belong to two types, 
(a) those that come true when self-pollinated and show matro- 
clinic inheritance in crosses with the specific t3rpe (e. g., mut. 
nummularia) and, (b) those that split in every generation into 
the mutational type and the specific type, regardless of whether 
they are sdf-pollinated or pollinated by the specific type. The 
latter are similar to Oenothera stenomeres mut. lasiopetala* and to 
certain mutations from Oenothera Lamarckiana described by 
de Vries.® 

A strain of Oenothera pratincola differing from all the rest has 
been designated as Lexington E. It has given rise to some, but 
not all, of the mutations thrown by the other strains, and in 
addition it has produced in large numbers a series of character- 
istic mutations having certain characters in common that are 
not met with among the mutations of the other strains. These 
characters are revoluteness of the leaves and the possession of a 
peculiar subterminal filiform appendage on the lower surface 
of the leaf, into which the midvein is diverted. All of the charac- 
teristic mutations of the mass-mutant strain, Lexington E, come 
true, whether self-poUinated or pollinated by the f. typica of 
strain E. To be more precise, they come true in the sense that 
they do not revert, in part of each generation, to f. typica, al- 
though they may be very highly mutable, and give rise to other 
members of the revolute-leaved series of mutations. 

In brief, there are relatively stable strains of Oenothera pratin- 
cola, such as Lexington C, which throw small numbers of flat- 
leaved mutations belonging to several kinds, one of the most 

’ BarT}uBTT« H. H. Additional evidence of mutation in Oenotlicra. Bot. Gaz. 
Sg: 81-123. 1915. 

^BARTixrr, H. H. The mutoHons of Oenothera stenomeres. Amer. Joum. 
Bot. 2: 100-109. 1915. 

Hugo. New dimorphic mutants of the Oenotheras, Bot. Gaz. 62: 
249-280. 1916. 
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characteristic being mnt. nummularia. There is also one highly 
mutable (mass-mutant) strain, Lexington E, which gives rise in 
large numbers to several kinds of revolute-leaved mutations, 
produced by no other strain. The most notable of them is mut. 
formosa. Lexington E also throws some of the flat-leaved muta- 
tions which are more commonly met with in the other strains, 
but mut. nummularia has never appeared among them. 

All experiments thus far made with the revolute-leaved muta- 
tions indicate that in crosses with f. iypica of the same strain in- 
heritance is matrodinic. Their behavior affords a paralld to 
that of Oenothera ReynoldsU and its mutations.® Because of 
their markedly dissimilar mutation phenomena, it was suspected 
that the rule of matrodinic inheritance might not hold in crosses 
between strains C and E. In order to test this point, and also 
to determine the effect of crossing on the mutability of the 
strains, the following pollinations were made in 1915 : 
f. typica Cxi. iypica E (unsuccessful), 
f. typical E X f. typica C (unsuccessful), 
f. typica C X mut. Jormosa E (successful), 
mut. formosa E X f. iypica C (unsuccessful), 
mut. latifolia C X mut. formosa E (unsuccessful), 
mut. formosa E X mut. latifolia C (successful), 
mut. gynocrates C X mut. formosa E (successful), 
mut. formosa E X mut. gynocrates C (successful). 
Unfortunatdy, as indicated above, several of the more im- 
portant crosses were unsuccessfully attempted. An effort to 
repeat them in 1916 failed because of unfavorable weather con- 
ditions. No signiflcance is attached to the failures, since it is 
believed that all of the forms are fertile inter se. Probably the 
next rqjetition of the crosses, under favorable conditions, re- 
sult in a complete series. In any event the dday in rounding out 
the experiment must be considerable, and dnce important re- 
sults have already been obtained we have determined to present 
the data at hand. 

* La Rna, Obt , D., and "Bixaxes, H. H. Matrodimie inkaUanue in mutation 
crosses <ff Oenothera Rejnoldai. Amer. Joom. Bot 4: 119-144. 1917. 
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A NEW CASE OE MENDELIAN INHERITANCE IN OENOTHERA. 

Perhaps the most authentic case of Mendeliaa inheritance in 
the group of the evening-primroses is that afforded by Oenothera 
brevistylis, which acts as a recessive in crosses with its parent 
species, Oe. Lamarckiana, with other mutations from Oe. 
Lamarckiana, and even with unrelated species.^- ** Another in- 
stance is that of the dwarf mutation from Oe. gigas. ® Both of these 
cases have been discovered by de Vries. Heribert-Nilsson^“ has 
presented an elaborate Mendelian explanation of Oenothera 
genetics which is chiefly remarkable for its failure to square with 
the facts. It is based upon a supposed monohybrid segregation 
in crosses between red- and white-nerved races of Oe. Lamarcki- 
ana. He failed to find dominant homozygotes, and the evidence 
of Mendelian behavior is anything but clear. Gates'^ has argued 
that Oenothera rubricalyx acts as a Mendelian dominant in 
crosses with Oe. rubrinervis, but the question is in controversy 
between Gates and Shull^^ and cannot for the present be re- 
garded as settled. It is obvious that the whole subject of Men- 
delian inheritance in Oenothera needs further investigation. 

Our data deal with the crosses of mutformosa E, pollinated by 
two of the flat-leaved mutations of the C strain. The former is 
the most fertile and vigorous of the revolute-leaved mutations. 

f DB Vries, Hugo. Die Mufations-Theorie. i: 223: 2: 151-179, 429. 

* Davis, B. M. The segregation of Oeaothera brevistylis from crosses mth Oe. 
Lamarckiana. Genetics 3: 501-533. 1918. 

' DB Vribs, Hugo. Oenothera gigas nanella, a Mendelian mutant. Bot. Gaz. 
60: 337 - 34 S- 1915. 

HBRdbBRT-Nuason, N. Die VariabiUtat der Oenothera Lamarckiana und das 
Problem der Mutation. Zeitschr. fur ind. Abst. Vererb. 8: 89-231. 1912. 

HeribsrT-Ntlsson, N. Die Spaltungsercheinungen der Oenothera Lamarckiana. 
Lunds Universitets Arsskrift. N. P., Avd. 2, la: no. 1. pp. 132. 1915. 

**Gatbs, R. R. The mutation factor in evolution. London, 1915 (Gives 
full references to the original papers dealing urith Oenothera rubricalyx.) 

i>Ssuu„ G. H. A peculiar negaike correlation in Oeacnhexa. hybrids Joum. 
Genet. 4; 83-102. 1914. 

GaTBS, R. R. On the origin and behavior of Oenothera rubricalyx. Joum. 
Genet. 4: 3S3-360. i 9 iS> 

Gates, R.R. On successive duplicate muta^ns. BioL Bull. 39: 204-220. 1915. 
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It has been described and figured dsewhere (see footnote 2). 
The flat-leaved mutations of strain C were mut. latijolia and 
mut. gynocrates. The former, not infrequently produced by 
both strains C and E, gives dimorphic progenies containing mut. 
latifolia and f. iypica. It, also, has already been described and 
figured.^® Mut. gynocrates comes true from seed. It is not 
one of the better known mutations, but was used in the 
experiments because it happened to be in flower when the 
crosses were made, and seemed, in spite of its dwarf habit, to 
be a form of considerable vigor. 

Both mut. latifolia and mut. gynocrates have pollen that is 
equivalent to that of the particular f . typica from which they are 
derived. In view of the failure of the crosses in which the pollen 
of f. iypica C was used, it is especially important for the reader 
to imderstand the basis for this conclusion, which is true not 
only for these particular mutations, but for all others except 
those that appear to be tetraploid or triploid. All the progenies 
thus far grown from self-pollinated mut. latifolia have been di- 
morphic, consisting of f. typica and mut. latifolia. The f. typica 
from the dimorphic progenies breeds true, whereas the mutation 
continues to split, in every generation. When mut, latifolia is 
crossed with pollen of f . typica, the Pi generation is quite like that 
resulting from self-pollination. Moreover, when pollen of the 
mutation is used in crosses with f. typica or its other mutations, 
nothing is obtained in the Fi or subsequent generations which 
would not have resulted from seh-pollination. Double reciprocal 
crosses still further substantiate the identity of the pollen of 
mut. latifolia with that of f. typica. 

The same facts apply to mut. formosa, except that its progenies 
do not contain f. typica. It shows the same matroclinic inheri- 
tance in crosses with other forms bdonging to the E strain. Cul- 
ture records bearing out the conclusions that have been made 
with regard to the equivalence of its pollen with that of f. typica 
E and mut. latifolia E are given in table i. The records are in 

** TcfpSR, W. W., and BARlvsn, H. H. The relation of mutational characters to 
cdl sise. Genetics 3:93-106. 1918. 
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part new, in part assembled from a former publication (see foot- 
note 2) . The points brought out are ; 

(a) The essential similarity of the progenies of mut. Jormosa, 
when used as a seed parent, regardless of whether the pollen is 
derived from f. typica, mut. latifolia, or mut. formosa. 

(b) The failure of pollen from different sources to influence 
the composition of progenies from the same f. iypica seed-parent. 

(c) The stability in the F2 generation of f. typica derived from 
the cross f. typica X mut. formosa. It will indeed be observed 
that mut. formosa occurs in the progeny, but in no greater num- 
bers than one might expect as a result of mutation. 

TABLE 1 


Cxjlturj^ Records Illustrating the Equivalence of the Pollen in f. iypica, 
MUT latifolia, and mut. formosa, when these are All Derived from the 
Strain of Oenothera pratincola Designated as EexingTon E 


Parent 

Seedb 

Total 

plants 

Class- 

ified 

f typ- 
tca 

mut 

fm n oia 

mut 

albt- 

cans 

mut 

rtvol- 

uta 

irut 

silaua 

Other 

muts. 

typtca^ 

1477 

1036 


266 

10 

57 

54 

644 

5 

typica^ X formosa^ 



All 

7 

0 

I 

0 

121 

4 

formosa^ 

177 

146 

All 

0 

130 

2 

0 

14 

0 

formosa^ 


1082 

All 

0 

883 

I 

4 

194 

0 

formosa^ (1916) 

334 

120 

All 

0 

93 

0 

I 

26 

0 

formosa^ {1917) 

mm 



0 



0 

40 

i 0 

formosa^ 

518 

100 

49 

0 

hIIIIIIQh 


0 

0 

0 

formosa^ X typica^ 

365 

309 


0 

218 


0 

91 

0 

formosa^ X typtccfi 

333 

177 

All 

0 

151 


3 

23 

0 

typica^ from {typical X 
formosa^) 

446 

262 

AU 

103 i 

3 

5 

2 

149 

0 

formosa^ X latifolia!^ 

46 

36 

All 

0 

34 

0 

I 

I 

0 


“ Lex , E-5-217 typica, ^ Lex. E-5-229 typica, ® Lex. formoi^a. ^ Lex. 

B-5--199 formosa, ® Lex. E-5-199-28 formosa. ^ Lex. E~5”i99“58 formosa. 
s Lex. E-5-(229 typica X 206 formosa)’-^ typica. ** Lex. E-36-4I latifolia. 


For the pedigrees of all of these plants, consult Bot. Gaz. 60: 425-456. 1915. 

In table 2 are presented the data in regard to the Fi genera- 
tion of the crosses between strains E and C, with mut. formosa 
as the pistillate parent. Further crosses are being made, but 
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TABLE 2 

Fi Fhoosnis '> OF Crossss bbtwbsn Strains £ and C, of veicb nut. fomosa was 

TBS PiSTBAATB FASBNT 


* 

Parentage 

Seeds 


f. typica 

f. grisea 

f. dimorpha 

Other 


normal 

defective 

muts. 

Jormosa B X laiifoUa C 

358 

209 

90 

30 

II 

72 

I 

formosa B X gynocrates 
C 

190 

97 

41 

26 

■ 

10 

2 


‘ Culture number of the individual of mut. formosa used in both crosses, Lexington 

B-S-i 99-28. 

Culture numba: of mut laHfolia, Lexington C-22-13-87; of mut. gynocrates. 
Lex. C-52-2-13. 


there is no doubt, from the evidence at hand, that the flatness of 
the leaves in the C strain, but not in the E strain, acts as a 
dominant in crosses with the revolute mutations, when the lat- 
ter enter into the cross as the female parent. When mut. formosa 
is poUinated by any form belonging to strain C, a diversified 
progeny is obtained, but all of the individuals have flat leaves. It 
will be seen by reference to table i that self-pollinated mut. 
formosa itself gives a highly diversified progeny, conasting of 
mut. formosa, mut. albicans, mut. revoluta, and mut. setacfa. 
The three latter are interpreted as secondary mutations from the 
former. If one were to picture a progeny containing all of these 
revolute-leaved mutations, with their leaves flattened out, but 
with their other characters unaffected, the progeny of the cross 
in question (mut. formosa E X any form of strain C) would be 
partially dqncted. Since f. typica is represented in such a 
progeny, it is considered to be the equivalent of mut. formosa. 
The other equivalents, or analogues, are not well known as yet, 
^ce it has been impossible thus far to obtain seeds from ttipm 
One of them, however, f. grisea, is assumed to be the equivalent 
of mut. albicans or mut. revoluta, and another, f . dimorpha, the 
most abundant of all, the equivalent of mut. setacea, Mut. setacea is 
not only the most abundant of the revolute forms, as they occur 
as secondary mutations in the progeny of mut. formosa, but it 
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also has a very distinctive habit that would enable it to be eqixated 
with the corresponding flat-leaved form. Its lower stem leaves, 
and the leaves of branches that do not bear inflorescences, are 
very narrowly linear, and exceedingly small. The leaves and 
leaf-lihe bracts of the upper portion of the stem, and of the in- 
florescence-bearing branches, are two or three times as broad, 
and much longer, giving an effect to the plants as though the 
flowering branches were all bud-sports on a plant of an entirdy 
different sort. The dimorphic foliage of mut. setacea is wdl 
represented in a former paper (see footnote 2). P. dimorpha has 
exactly the same characteristic, the leaves being flat instead of 
revolute, but showing the same wdl-marked dimorphism. Never- 
theless, after having equated mut. formosa with f . typica, mut. 
albicansiT) with f. grisea, and mut. setacea with f. dimorpha, 
there are still difficulties in the way of classifying the flat-leaved 
hybrid progeny. Each form diows far more variation than is 
customarily encountered in an Oenothera progeny. 

In mut. formosa there is considerable variation in the develop- 
ment of the leaf blade, in addition to the revoluteness. If a 
leaf were flattened out, if would not be as broad as a correspond- 
ing leaf of f. typica. Moreover it would show a markedly ir- 
regular devdopment of tissue. The flattening that takes place 
as a result - of hybridization with strain C leaves the weaker 
plants with irregularly devdoped blades, although the stronger 
plants are in every respect flne f . typica. The variation with re- 
g^d to blade devdopment within each distinguishable form 
renders the cultures difficult to classify. Some of the plants that 
must be referred to f. typica, and that prove to act hke f. typica 
in heredity, are much smaller and weaker than is commonly the 
case. It is generally when the plants are young that the imper- 
fect devdopment of leaf blades is obvious. As a plant becomes 
older, the leaves of the new growth are successivdy more and 
more normal, until at length it wUl pass a cursory examination 
as typical in every way. The smaller and weaker plants often 
bear branches as strong and robust as those of the best-devdoped 
typica. In a number of cases these branches have been so strik- 
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mgly different from the rest of the plant as to look exactly like 
bud sports. On the whole, it is impossible to draw any sharp 
line between the various phases of f . typica, although in table 2 
a wholly arbitrary division into “normal f. typica” and “defec- 
tive f. typica” has been made. The variations appear to be 
somatic, and highly subject to environmental conditions. Our 
hypothesis is that the fredy segregating factor for flatness, in- 
troduced by the |S gamete of strain C, only suffices to insure 
normal blade devdopment under the most favorable environ- 
mental conditions. 

TABLES 

Analysis <» F, SeNDUNo Ctototss Gro'wn JRcai Norhal typica Pajrbnxs Be- 
longing ro THE Fi Progeny of the Cross mot. formosa E X mot. UaifoUa C, 
(Lbungton B- 5-r99-a8 X 0-^22-13-87). As &own in Tabus 4 , all bot 
AN Insignificant Number of the Piat-Lbaved Plants were t. typica, 
AND TEE Rsvolots-Leaved ONES WERE MOT. formosa 


Parent 

Seeds 

Total 

Flat- 

Revolute- 

Ratio 

planted 

plants 

leaved 

leaved 

Fi No. 4 

932 

i 315 

238 

■11 

756 : 244 


336 

203 

154 

HH 

759 : 241 


1353 

620 

460 


742 : 258 


1050 

57 

46 

HB 

807 : 193 


— 

— 






3671 

1195 

898 

297 

752 : 248 

Fi No. 162 

940 

217 

155 

62 

714 ; 286 


291 

246 

187 

59 

760 : 240 


6279 

4392 

3 * 58 ‘ 

1134 

742 : 258 


600 

48 

33 

15 

688 .'312 


Szio 

4903 

3633 

1270 

741 : 259 

Fi No. 190 

mSm 

60 

50 

10 

833 : 167 




64 

21 

753 : 247 



— 

— 

— 



1594 

145 

114 

31 

786 : 214 

Fi No. 204 

807 

92 

69 

23 

750 : 250 


1400 

57 

45 

X2 

789 : 211 






— 

— 



2207 

149 

114 

35 

765 : 235 

Grand total 

15582 

6392 

4759 

1633 

744 : 256 


* Poor plants of this culture were mut. nuntmularia. 
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TABLE 4 

AnAI^YSIS of F2 CutTOEUSS GROWN TO MATURITY PROM TH® SaMB PaRBNT PIANTS 
AS TH® S®®DI,ING CdI.TDR®S OF TaBWS 3 


Parent 

Seeds 

planted 

Total 

plants 

Grown to 
maturity 

f. typica 

mut. 

num- 

mularia 

~ ' 1 

Other 

flat- 

leaved 

types 

mut 

formosa 

Ratio 

El No. 4 

932 

315 

315 

238 

n 

0 

77 

756 : 244 


336 

203 

200 

154 

H 

0 

46 

770 : 230 


1268 

S18 

515 

392 

hI 

0 

123 

761 : 239 

El No. 162 

940 

217 

207 


2 

I 

61 

705 : 295 


291 

246 

239 


I 

5 

55 

770 : 230 



463 

446 

321 

3 

6 

116 

740 : 260 

El No. 190 

954 

^5 

85 

64 


B 

21 

753 : 247 

El No. 204 

807 

92 

90 

62 

mm 

n 

23 

745 : 255 

Grand total 

4260 

1158 

1136 

839 

1 4 1 

! 10 1 

283 

751 : 249 


TABLE 5 

Analysis of P* Culturbs Grown from Dbfbctiv® typica Parbnts Bblonging 
TO TH® El PROGBNY OF TH® CROSS MUT. formosa E X MUT. lotifolia C (Lbx- 
iNGTON E“5 -i99-^8 X 0-22-13-87). In Sharp Contrast with th® Normal 
Progbnibs from Normal Parbnts (Rbcordbd in Tablbs 3 and 4) th® Pro- 
gbnibsfrom Dbfbctiv® typica Plants Consist Largbly of Dbfbctiv® 
Plants. Normal Bud Sports on Dbfbctivb Plants, Howbvbr, Givb Ris® to 
Normal Offspring Only 



Seeds 

Total 

Retained 

f. typica 

mut. formosa 

Other 


planted 

plants 

dassified 

1 

(normal) 

(defective) 

(normal) 

(defec- 

tive) 

types 

Ei, No. 30 
defective 

648 

56 

51 

8 



3 

0 

El, No. 31a 
defective 

741 

175 

167 

96 

27 

39 

3 

2 

El No. 31b 
normal bud sport 

617 

40 

40 

29 

0 ' 

IX 

0 

0 

El, No. 39a 
defective 

648^ 

126 j 

126 

17 

96 

13“ 

0 

0 

1 

446 

165 

129 

4 

88 

X 

36 

0 • 

El, No. 39b, nor- 
mal bud sport 

1008 

100 

96 

67 

0 

29 

0 

0 


^ This one culture was dassijSed in the seedling stage, which fact probably accounts 
for the failure to distinguidi the class designated as '‘defective mut. formosa ,** The 
other cultures were all analyzed at maturity. 
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Tables 3 and 4 present tbe data showing segregation into f. 
typica and mut. formosa in the Fj generation grown from four 
s^-poUinated individuals of the cross mut./orwosa EX 
mut. latiJoUa C. In table 3, which is based upon the classifica- 
tion of seedlings, the only distinction is between flat-leaved indivi- 
duals (mostly f . typica) and revolute-leaved (mostly mut. formosa) . 
The dMerence between the two t3rpes of leaves is perfectly dear in 
very young seedlings, though the different revolute-leaved muta- 
tions are not easily distinguished from one another, nor some of 
the flat-leaved mutations from f . typica, when very young. The 
cultures were too large to be carried to maturity as a whole, but 
the seedling classification was verified by growing to maturity a 
sufBdently large number of the plants. 

Table 4, based upon the plante which were under observation 
throughout the entire life cyde, shows that there was no signi- 
ficant error in the dassification of table 3. The revolute-leaved 
plants were all correctly identified as mut. formosa, and among the 
flat-leaved plants there was only a negligible proportion of muta- 
tions. The ratio of flat to revolute conforms to the simple 3 : i 
Menddian ratio. The deviations fixnn expectation are very 
slight, and fall on both sides of the theoretical ratio. The total 
progeny of each one of the four parents is in quite or almost as 
good agreement with e^ectation as is the sum of all four pro- 
genies. The total of 6,392 plants, from four parents, gives the 
mtio 744 : 256, in unusually good accord with the expected ratio 
750 : 250. 

The reader will notice that the mean germination is only 41 
per cent, and that althot^h the germination of the several cul- 
tures varies from 4 per cent to 84 per cent, the ratio is neverthe- 
le^ not seriously disturbed. The probability is therefore great 
that we are dealing with a case of simple Menddian inheritance, 
tmcomplicated by sdective elimination of zygotes. Inddentally, 
the results diotild tead to reassure anyone who may have feared 
that the work with Oenothera is in general unrdiable, on account 
of the low germinations frequently recorded. 
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It has already been noted that some of the plants resulting 
from the cross between strains E and C were characterized by 
defective leaf development, and that some defective typica indi- 
viduals bore normal branches, which had every appearance of 
being bud sports. In two such cases separate progenies were 
grown from seeds of the normal and defective portions of the 
same plant, with the very striking results summarized in table 5. 
The progenies contain only normal plants if derived from seeds 
borne on the normal bud sport, but if derived from seeds of the 
defective part of the plant, they contain a considerable propor- 
tion of plants classified as defective f . typica. The cultures are 
large enough to afford conclusive evidence that whatever the 
change may be that results in the production of normal from 
defective f. typica, the change is one that may come about in 
the somatic cells, and, once having come about, is permanent. 

As a final proof of the MendeUan nature of the segregation in- 
dicated by the 3 : i ratio in the F2 generation, Fs progenies 
have been grown from a large number of self-pollinated normal 
typica individuals, in order to demonstrate the existence of 
homozygous and heterozygous dominants in the ratio i : 2 in 
the F2 generation. The results are not included in this paper 
for the reason that they are still being added to and it does not 
seem desirable to publish only a portion of the data. However, 
it may be stated that not only do the expected classes occur in 
the correct ratio in the F2 generation, but also that the heterozy- 
gotes continue to split in the 3 : i ratio. The homozygotes of 
both classes breed true. 

Having established the non-Mendelian behavior of the charac- 
ter-pair fiatness vs. revoluteness within strain E, and having 
shown that flatness when introduced into strain E by crossing 
a revolute-leaved type of the latter with strain C, does act in a 
Menddian manner, it remains to indicate a possible explanation 
of the phenomena. 

THE HYPOTHESIS OP HETBROGAMJSTISM. 

In accordance with the hypothesis of nonequivalent gametes, 
which has been decidedly helpful in the interpretation of some 
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of the genetical peculiarities of Oenothera^^ (see also footnote 6), 
the male gametes of all of the mutations concerned are 
thought of as )3 gametes, and as exactly like the d gametes of the 
particular f. tyfica from which each mutation was derived. It 
has been assumed that the appearance of mutations showing 
matrodinic inheritance in crosses with the parent form is due to 
changes involving the a gametes, which bear various factors not 
represented in the jS gametes. Such mutations constitute the 
greater number of those derived from Oenothera pratincola. 
Thdy appear as the result of some modification of the tmcom- 
pensated factors of the generally female a gametes, and therefore 
breed true from the first. The generally male /3 gametes of Oe. 
pratincola have as yet given rise to no mutations that have been 
detected, but de Vries^® has found that one of the mutations of 
Oenothera biennis (var. suljurea) riiows patrodinic inheritance 
in crosses with its parent, and is therefore presumably such a 
mutation. In the heterogametic spedes of Oenothera, muta- 
tions involving the imcompensated factors of the a gametes 
obviously cannot diow Menddian inheritance. If the a gametes 
are female, inheritance must be matrodinic. 

Since such a conception as that of a series of different muta- 
tions, or even of different spedes, in which the differentiation 
is brought about wholly by the female gamete, is justifiably 
foreign to current thought, it may be well to restate some of 
the grounds for its adoption. 

It is a fundamental tenet of Menddism that in homozygous 
material the two homologues chromosomes of each pair are equiva- 
lent and interchangeable. In heterozygous material one or more 
chromosomes are modified, but still remain interdiangeable with 
their mates. If the uncompensated characters of the « gamete 
were borne in one chromosome, the only essential difference that 
would obtain between the concepticms of heterozygosis and of 
heterc^fametism would concern the unequal distribution of a 

H BARWBtlt, H. H. The siaitts of Ae Mutation Theory, mth especial reference 
to Oeaothem. Amer. Nat. 50: 513-529. 1916. 

u DB Vribs, H. Gruppenweise ArtbUdut^ p. 298. 
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and (8 gametes between the two sexes. In view of the very 
large number of modifications occurring in the a gamete, how- 
ever, it seems a more probable hypothesis that the uncom- 
pensated characters are borne by a group of chromosomes, which 
do not segregate freely, but pass together to one daughter cell 
or the other at the reduction ^vision. Certainly such a hypothe- 
sis is useful in the interpretation of Oenothera genetics. The 
phenomena of matrodinic inheritance are clearly orderly enough 
in their own way, but are just as clearly non-Menddian. 
As Shull (see footnote ii) has said: “Fundamental difficulties 
are encountered whenever attempts are made to apply to the 
Oenotheras rules of genetic behavior which are readily demon- 
strated in other groups of organisms. Equal confusion has 
arisen by the application of genetic experiences with the Oeno- 
theras to species in which typical Mendelian phenomena appear. 
A hereditary mechanism must exist in Oenothera fundamentally 
different from that which distributes the Mendelian unit-charac- 
ters.” 

According to the hypothesis of nonequivalent gametes, the 
Oenotheras should show Mendelian inheritance in cases where 
the factors concerned are carried by both a and jS gametes. In 
case the factors are carried by only one kind of gamete, non- 
Mendelian inheritance must be the rule. The a and (3 gametes 
may be conceived of as due to the distribution to the daughter 
cells at meiosis of a distinctly maternal or distinctly paternal 
set of chromosomes. In other words, instead of a free segre- 
gation of chromosomes taking place, one must assume that the 
haploid set of chromosomes is reconstituted, as far as the fac- 
tors peculiar to a and i8 gametes are concerned, just as it entered 
into the zygote at fertilization. As for the Mendelian charac- 
ters, we asstune that they are represented by factors carried in a 
residue of freely segregating chromosomes. 

The conception of heterogametism may be reduced to the 
following series of propositions: 

(i) In heterogametic species the zygote normally results from 
the conjugation of unlike gametes (a and jS). 



476 COBB AND bartlbtt; inhbsitancb in OENOTHBRA 


(2) The characteristic portion of eadi kind of gamete consists 
of a group of chromosomes that remain in association at meiosis. 
It is possible that the characteristic portion may consist of one 
chromosome only. 

(3) The a gametes, and probably the |S gametes also, cany 
factors in the characteristic portion that are not duplicated in 
the homologous portion of the complimentary gamete. 

(4) Aade from the chromosomes that determine a and ^ 
gametes, the chromosomes of Oenothera are freely segregating, 
and carry factors for Mendelian characters. 

(5) The a gametes are usually female, but may be male; the /3 
gametes, on the contrary, are usually male, but sometimes female. 

(6) Mutations occurring in the characteristic portion of either 
a or |8 gametes do not make their appearance by Mendelian 
segregation, and do not subsequently show Mendelian inheritance. 

Our studies have led us to conclude that the difference be- 
tween the mass-mutating and nonmass-mutatmg strains of 
Oenothera pratincola lies in the fredy segregating chromosomes. 
In Lexington E the factor which determines leaf flatness is 
associated with the characteristic portion of the « gamete. It is 
not paired with a similar factor in the j 3 gamete. In Lexington 
C, on the contrary, there is a paired factor for flatness, associated 
with one of the fredy segregating pairs of chromosomes, and 
therefore carried by both a and 0 gametes. In Lexington E, 
the mutative modification of the unpaired factor for flatness 
results in the appearance of revolute-leaved mutations, whidi do 
not come about as a result of Menddian segregation. The latter 
fact is proved by their enormous abtmdance in certain mass- 
mutating lines, an abundance far in excess of any Menddian 
expectaticm, and by their matrodinic inheritance in crosses 
with the parent form. 

The several revolute-leaved mutations differ frmn f. typica 
not only in the leaves, but in diaracters involving other organs 
also, the degree of the difference depending upon the extent of 
the mutative modification undergone by the a gatrift^. Whereas 
the production of all of the revolute-leaved mutations involves 
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one modification in common, there are additional mnHifirgtinTis 
in the cases of all except mut. formosa which are peculiar to each 
mutation. 

If the O' gamete of Lexington C were to imdergo exactly the 
same modification that in Lexington E brings about the pro- 
duction of a particular revolute-leaved mutation, the effect, as 
far as revoluteness is concerned, would be nullified by the factor 
pair for flatness in one of the pairs of freely segregating chromo- 
somes. This factor pair has not yet become ^ontaneoudy 
heterozygous, and consequently no other strain except Lexington 
E has thrown revolute-leaved mutations. 

Let a represent the nondissociating, characteristic portion of 
the a gamete, bearing a factor for flatness, and susceptible of 
mutative modification to in which the factor for flatness is in- 
operative. Then using the usual Mendelian notation for the 
freely segregating factor pair for flatness (FF = homozygous flat; 
ff = homozygous revolute) the constitution, phaenotype, and be- 
havior of the various forms and hybrids involved in our ex- 
periments would be as follows: 

f. typica C, ) flat, and, with respect to this 

mut. latifolia C, ^ ceflFF, character, immutable, 

mut. gynocrates C, j 

f. typica E, a(3ff, flat, mutable, 

mut. formosa E, a'flff, revolute, 

typica E X formosa E, flat, mutable, 

formosa E X typica E, a'iSff, revolute, breeding true with re- 
spect to this character. 

typica C X formosa E, Fi, aflFf, flat, segregating with respect to 

mutability. 

1 a)3FF, flat, immutable, breeding true. 

2 ajSFf, flat, continuing the segregation 

typica C X formosa E, Fa, of the Fi. 

I o|8ff, flat, mutable, otherwise breeding 
true. 

formosa E X latifolia C, Fi a'/SFf, flat, segregating with respect to 

revoluteness. 

la'jSFF, flat, non-segregating. 

formosa EXlatifoUaC, Fa flat, wn^uing the segregation 

01 me 

la'lSff revolute, breeding true. 
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The actual bdiavior of the various cultures is very satisfac- 
torily accounted for by means of this formulation. That the 
revolute-leaved mutations breed true for revoluteness is shown in 
table I. In the same table wiU be found the evidence that the 
revolute-leaved mutations give matroclinic progenies when 
crossed with the f . typica of the corresponding strain. It is the 
prevalence of matroclinic inheritance in these mutation crosses 
that makes a purdy Mendelian explanation of their behavior 
impossible, and that requires the conception of a and d gametes. 
The data in regard to matroclinic inheritance are in some respects 
inadequate, and will be amplified as rapidly as possible. 

The failure of Texington C, and the other strains that resemble 
it, to throw revolute-leaved mutations is attested by the accumu- 
lated data for hundreds of cultures, aggregating many thousands 
of plants. Since the evidence is negative, it would be idle to 
assemble here the data supporting the condusion that Lexing- 
ton E is the only strain in which such mutations occur. The 
data regarding the mutability of Lexington E are in part pub- 
lished (.see footnote 2). 

According to the scheme above, one would expect the 
cross iypica C X mut. formosa to act in a manner quite differ- 
ent from its redprocal, which we have been considering. In- 
stead of a Menddian segregation of flat-leaved and revolute- 
leaved plants in the Es generation, one would expect only segre- 
gation with regard to the capability of occasionally undergoing 
the mutative change from flat to revolute. Segregation of this 
ability would mean that revolute-leaved plants might appear in the 
the F2 generation, but, if present, each one would be the result of 
a separate, individual change; they would not be due to the in- 
heritance of a dianged condition, as was the case in the revolute- 
leaved recessives in the 3 : i segregation described. 

Sudi a character, the capability of mutation, is not easy to 
deal with, since it is impossible to be sure that a particular parent 
might not show mutability if more of its seeds were germinated. 
The degree of mutability does not appear to show great uni- 
formity from generation to generation, as may be seen by refer- 
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Anai^ysis of ths Fi and F 2 Gbnbrations of tmt Cross f. C X muy. formosa E (Lbx. 0 - 22 - 7-40 typica X B- 5 - 199-58 
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Thu Fi Gbnbrations Consist op Fbat-I,bavbd Types ondy, and the F* Generations Show the Effect op Crossing 
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ence to an earlier paper (see footnote 2). Some progenies con- 
tain many mutations, and mutability would therefore be de- 
tected by growing rdatively few individuals. Others, on the 
contrary, contain very few, and a very large progeny indeed 
would have to be grown in order to fed reasonably sure of the 
non-mutability of the parent. The authors plan to gather 
further data bearing on what we may term the “inheritance of 
mutability” in these crosses between the strains of Oe. pratincola. 
For the present we shall give only the data contained in Table 6. 
As far as the results go they are in conformity with expectation. 
The Fi progenies of crosses between any form of strain C and mut. 
formosa E resemble the C parent, in that the leaves are all flat. 
In the Fj we may or may not detect mutations, since they may 
occur only among one-quarter of the progeny, those having the 
factorial composition a 0 S. It is of course always possible for 
CL gametes to undergo mutative modification to the condition de- 
termining revoluteness, but the mutative modification, if it oc- 
curs, is masked in plants carrying the factor F, dther from one 
or both parents (i. e., in 3 out of 4 Fz plants). In case the plant 
has the constitution a/SFF or aflFf it can never show revolute- 
ness; however the a gametes may become modified. 

THB HRODUCTION OB MOT. NTJMMOTARIA. 

One especially interesting fact is that strain B after having 
been crossed with strain C gives rise to mut. nummularia. Un- 
der ordinary circumstances it never does so. Similar phenomena 
are sometimes viewed as due to metadiny. Metacliny, a term 
first used by de Vries, “ may be explained in the terms of the 
afi hypothesis as follows: Although most female gametes are 
a, and most male gametes are (tJ, there are exceptions to both 
rules, so that occasionally identical zygotes result from reversed 
fertilizations, the majority of the zygotes being of the constitu- 
ticHi ajS, and only a few 0 a. Cases of this sort have been de- 
scribed by Ea Rue and Bartlett. Among the mutation crosses 
of Oe. Reynoldsii. The production of mut. nummularia by 

“ AS VM83, H. Grupptnmise AribQdmg, pp. aoS-sia 
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strain however, is not explainable by any such hypothesis. 
We have shown that the reciprocal crosses between str ains C and 
E have a different factorial composition, and do not behave at 
all alike. To view as due to metadiny the occurrence of mut. 
nummularia in the cross E X C (see table 3) is inconsistent with 
our explanation of the Mendelian behavior of the character-pair 
flatness vs. revoluteness in the same crosses. 

A logical explanation would appear to follow if we assume that 
the round leaves of mut. nummularia, although brought about 
by a change in the cc group of chromosomes (or chromosome) of 
the female gamete, can come to expression only in the presence 
of the Mendelian factor F which can be introduced by the 
male jS gamete of strain C. In other words, the round leaves 
of nummularia are due to the modification of a, but can 
reach expression only in the presence of the mendelian factor 
F. Just as mut. formosa can attain expression only in 
the absence of the factor F, and consequently never 
occurs in pure strain C, of which the f. typica has the com- 
position o-dFF, so mut. nummularia attains expression only in 
the presence of the same factor, and is consequently never thrown 
by strain E, in which the f . typica has the composition a/Sff. On 
crossiag the two strains, the a portion of the E gamete shows its 
potentiality for producing mut. nummularia when factor F is 
present; conversdy the a portion of the C gamete diows its 
potentiality for the production of revolute-leaved mutations when 
the factor F is removed. 

STIMMARY. 

I. In Oenothera pratincola normal fertilization is assumed to 
take place by the fusion of two kinds of gametes, which are 
designated as a and /3, respectivdy. Certain chromosomes of 
the a gametes carry character determiners which have no coun- 
terparts in the |3 gametes. On account of this unbalanced con- 
dition, mutations affecting uncompensated determiners appear 
at dnce, and neither in origin nor subsequently in heredity do 
they di^lay Mendelian behavior. 
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II. On the basis of the preceding assumption it can be under- 
stood why the phenomenon known as mass-mutation should 
occasionally occur. Mass-mutation is a term descriptive of the 
origin of mutations in such inordinately large numbers that the 
cultures show no resemblance to Menddian segregation. 

III. In Oenothera pratincola the only mutations which have 
occurred through mass mutation are a series in which the leaves 
are revolute instead of flat. These revolute-leaved mutations 
have appeared in only one strain of the species, to the eye indis- 
tinguishable from other strains. 

IV. It has been discovered that the differaice between the 
mass-mutant and nonmass-mutant strains is that the latter 
cany a Mendelian factor determining flatness, in addition to the 
unbalanced determiner for flatness in the a portion of the a 
gamete. In the mass-mutating strain there is no Mendelian 
factor for flatness. The constitutions of the zygotes are there- 
fore aflff and oejSFF, respectively, the former mutable with re- 
gard to flatness, giving rise to revolute-leaved forms with the 
constitution ce'jSff. 

V. In Oenothera pratincola the a gametes are female. Recip- 
rocal crosses are therefore unlike with regard to unbalanced 
characters (those confined to the a portion of the a gamete), 
being matrodinic in each case. Reciprocal crosses are alike as 
far as Mendelian characters are concerned. Therefore: 

a'/Sff X a( 3 Ff — >■ a'iSFf, flat-leaved, and heterozygous 
with regard to the Mendelian factor for flatness, segregating in 
the Fa generation in the ratio i homozygous flat : 2 heterozygous 
flat : I hconozygous revolute. 

ctiSFF X a'dff — >■ affBf, flat-leaved, and heterozygous with 
regard to capability for giving rise to mutable stocks, segregating 
in the Fa generation in the ratio i homozygous dominant, flat, 
immutable : 2 heterozygous, flat, like the Fi generation : i homo- 
zygous recessive, flat only through the « determiner for flatness, 
and therefore mutable with regard to revoluteness. 

VI. The results not only afford one of the best e-ganipIpR of 
Mendelism in Oenothera hitherto adduced, but likewise give an 
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indication as to when Menddian behavior, as opposed to matro- 
cliny or patrocliny, is to be expected. 

VII. The production of mut. nummularia, which is never 
thrown by the strain which gives rise to revolute-leaved muta- 
tions, is shown to be due to mutation in the a portion of the a 
gamete, but nevertheless dependent for its expression upon the 
presence of the Mendehan factor F for flatness. It may be re- 
called that mut. nummularia shows matroclinic inheritance in 
crosses with the parent form, the fact which proves the first 
part of this proposition. 

ANTHROPOLOGY . — Some general notes on the Fox Indians. 
Part I. Historical. Trtoian MichEeson, Bureau of 
American Ethnology.^ 

I have assembled here a number of miscdlaneous notes on 
the Fox Indians. The inclusion of bibliographies is justified on 
the score that recent writers seem to have been totally ignorant 
of published sources of information on these Indians. 

THE NATIVE NAME FOR “FOXES,” AND SYNONYMY 

The native name for “Foxes” is Me‘ckwA‘ki‘Ag**‘* which means 
“Red-Earths.” A good synon3rm)’^ will be found at the end of 
the article Fox in the Handbook of American Indians.^ To this 
the following may be added: Meskwa'kihAgS^ Meckwa'ldhAg*.® 
Meckwa'kihAg*,* Meskwa'‘ki‘A'g‘,^ Meckwa'ki'Ag*,® Me'ckwA'ld- 
Ag'^i'.s Musquaquas,^® Musquakas,^^ MesquaJde,^® MeskwaMs,^* 

^ Printed with permission of the Secretary of the Smithsonian Institution, 

* Michblson. Information^ 1917- 

® Bur. Amer. Ethnol. Bull. 30. 

4 WiLi/iAM JoNBS. Fox Texts, passim. 

® Jones. Ibidem, passim. 

® Jones. Ibidem: 10.7; misprint? 

^ Jones. Handbook of American Indian Languages, Pt. i; 741. 

* Michelson. Current Anthropological Literature, 21 234. 

» Michei^son. Information, 1917. 

Annals of Iowa, 1870: 366. 

Ibidem, 363. 

Mesguahie Booster, 

” Iowa Journal of History and Politics^ 4: 191, 
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me sga M a maJisquakeliake,*® Mus-quak-He,^® Mus-quak- 
kie-uck,^^ Mesli-fcwa-ki-lia-gi,^® Musquaukee/® Muskwakiiik,®° 
M^wakitliak,®^ Red Eartli(s),®® Red-Earths,®® People of the Red 
Earth,®® Red-earth family,®® de la Terre-Rouge,®® Wa-go-sha- 
hugi,®^ Euchsindianer,®® XJtAgaml'g,®® Watagamie,*® Outhagamis,*® 
Ottigatimis.*® 

The Menomiaee synonym is the equivalent of the Ojibwa one 
(vide supra) , but the exact phonetics are uncertain ; the Winnebago 
S3nttonym means ‘ ‘foxes,’ ’ but the exact phonetics are uncertain. ®® 

In the vicinity of Tama, Iowa (their present location), they 
are not known as “Foxes,” but as “Meskwakies,” “Mesquakies,” 
“Tama Indians.”®® 

** Native name spelt in the current syllabary. 

u A coUecHm of Meskwaki Manuscripts ^ i. 

“ J. Morsb*s Report to the Secretary of War, 122. 

Ibidem. 

IB J. F. Steward. Lost Maramech and earliest Chicago, 1903. 

1® Ibidem. 

F. KLarsch-Haak, Das gleichgeschlecMHche Leben der Naturvolker, i: 328. 

Shawnee synonym collected by QaTscbet, of the Bureau of American Eth- 
nology, years ago. 

Steward. Loc dt. pasam; translation of la Potheril apud Blair, Indian 
Tribes of ihe Upper Mississippi and Great Lakes Regfon* Vol, x; passim. 

** Jones. Fox Texts, passim, 

** Steward. Loc. dt. 

*s Beair. Loc. dt 

** La Pothbrie. Histoire de PAmerique septentrionale. 1722. 

•7 Steward. Loc. dt. 

** F. Karsch-Haabl Loc. dt. 

“ Jones, Handbook of American Indian Languages. Pt. i: 741. This is the 
Qjibway syacmym, meaning "‘People of the Other Shore” Qones, Loc. dt. and 
American Anthropologist, N. S. 6: 370), or “Those who live on the opposite side” 
(Warren, History of the Ojibways: 33). Parkman's statement (Half-Century of 
Conflict, X : 333, footnote i) that “The name Outagamie is Algonkin for a foR. Hence 
the French called the tribe Renards, and the Americans, Foxes,” is echoed by Keit 
xoo. Wise. Hist. Soc. Proc. 1907: 142. This simply betrays ignorance of Algonkin 
languages. See also my discussion of the early history of the Foxes. The absurd 
blunder has been repeated by Steward, Op. dt. 79. 

*0 Sibward. Log, dt. 

Beltrami. A Pilgrimage, 2: 169. 

" Map in J. Long’s Voyages and Travels. ’ 

** Micbelson. Information. 

MicaSLiSON. Information. 
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THE EAREY HISTORY OF FOX INDIANS 

The general history of the Fox Indians is extremely well- 
known. I shall accordingly only try to clear up the beginning 
of their history. First of all, the Outitchakonk are not the Foxes, 
as is stated in the index to the Jesuit Relations (ed. Thwaites).*® 
Now we are told: “The Outagamis are of two lineages; those of 
one family call themselves Renards, and the others are of the 
Red-earth fanuly.”®’ Evidently something of this sort is to 
be imderstood by the statement in the Jesuit RelationsJ^ “The 
mission of St. marc to the Outs^ami, where. are the ouagoussak, 
Makoua, makoucou6, Mikissioua.” For ouagoussousak simply 
means “foxes.”*® Whether or not a misunderstanding arose 
by taking the name of a gens as the name of the tribe, “ the fact 
remains that some Indian tribes did and do call the Meskwakis 
by the equivalents of “foxes.” Now the Skenchiohronon of the 
Jesuit Relations are not the Neuters as is commonly assumed,” 

“ A list of the more important papers dealing with this topic is as follows: Arti- 
cles Fox and Sauk in Handbook of American Indians (Bur. Amer. EthnoL Bull. 30), 
H. W. Bbckwith, The Illinois and Indiana Indians, 146-162; Ward, Meskwakia, 
Iowa Joum, Hist. Polit. 4; 179-189; Ward, The Meskwaki people of to-day, ibidem., 
190-2 19; Fsrris, The Sauk and Foxes of Franklin and Osage Counties, Kans. State 
Hist. Coll. II : 333-395; Parkman, A half century of conflict, chapters xii and xiv; 
J. P. Steward, Lost Maramech and earliest Chicago (1903); M. M. Qxtaire, Chicago 
and the Old Northwest (1913); S. S. Hebbbrd, Wisconsin under the Dominion of 
France (1890); J. N. Davidson, Unnamed Wisconsin (1895); P. J. Turner, Indian 
Trade in Wisconsin (in Johns Hopkins University Studies in Hist, Pol, Sd, 1891); 
Kellog, The Fox Indians during the French Regime (Wise. State Hist. Soc. Proc. 
1907: 142-188); Pe(o)bor, The Last of the Mus-gua-kies (reprinted in Iowa Hist. 
Record 17: 305-335)- Quite a few facts can be gleaned from A collection of Mesk- 
waki Manuscripts, prepared by Cha kS ta ko si, published by the State Historical 
Society of Iowa, 1907, but as no English translation accompanies the text, use of 
it is confined to a few specialists or Meskwaki Indians. 

^ See the Handbook of American Indians under the article Atchakangouen, 

I/A PoTHERiE. Savage AUies of New France, apud Bdair, Op. dt. i: 360. 

Ed. Tbwaites, 58: 41. 

®® On the note, ibidem, 293, see various artides in the Handbook of American 
Indians, 

Jones, Amer, Anthrop. n. ser. 6: 370; Handbook of American Indian Languages* 
Pt. i: 741 ; apud Steward, Loc. dt. 79. 

See the ed. of ThwaiTEs, 8: 302. 
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but the Huron designation of the Meskwakies, as stated by 
Hewitt in the Handbook of American Indians. For Skenchioh- 
ronon means “the Fox people,” and the identification by Hewitt 
rests also upon that made by Potier (circa 1750).^® It should 
be expressly noted that the Wyandot designation for the Mesk- 
wakies, collected by Gatschet in 1881, namely, Skaxshurunu 
“fox people,” derived from skdxshu “the red fox,” is more than 
ample confirmatory evidence. Accordingly we know that Le 
Jeune menticms the Fox Indians in the Relation of .1640.^® Now 
since the Fox are dted in connection with the Sauk, Potawatomi, 
Elickapoo, Winnebago, and Crane Miami we have every reason 
to believe that their habitat at the time was in the vicinity of 
the Green Bay region. For the identification of the Huattoeh- 
ronon, Attistaehronon, Ontarahronon, Aoueatsiouaenhronon, 
and Attochingochronon see the Handbook of American Indians. 
[Hewitt’s identifications are at least partially supported by 
Potier. ] Le Jeune adds "I have taken their names from a Huron 
map that Father Paul Ragueneau sent me.” It is not known 
from whom Ragueneau obtained the map, though it is natural 
to think of Nicolet in this connection, for Ragueneau had a 
conference with Nicolet in the spring of 1641 near Three Rivers. 
As is known, Jean Nicolet was in the vicinity of Green Bay in 
1634. Le Jeune (op. dt. 231) locates the Potawatomi and Na- 
tion of the Fork*® as being in the neighborhood of the Winne- 
bago, and adds (p. 233) “I will say, by the way, that sietur Nico- 
let, interpreter of the Algonquin and Huron languages for the 
Gentlemen of new France, has given me the names of these 
nations, which he himself has visited, for the most part in their 
own country.” Now if the Potawatcnni and the Nation of the 
Fork were in the ndghborhood of the Winnebago in 1634, it is 
highly probable that Sauk and Fox also were at least in that 
general vicinity. There is no argumentum ex silentio, for Le 

PiiAiNG. Bibliography of Iroquoian languages. Btir, Amer. Ethnol. Bull. 6: 
J 35 , 136. 

TfeWAiTBS* ed. of the Jesuit RelatumSf 18: 235. 

« Jesuit Relations, ed. ^TmwAitus, 8: note 29, 9; 312. 

^ Rasaouakoueton: see artide NassauakeUm in the said Handbook. 
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Jetme expressly says, “These are the names of a part of the 
nations which axe beyond the ^ores of the great river Saint 
Lawrence and of the great lakes of the Hurons on the North.” 
I think that the following extracts from the Jesuit Relations^^ 
may clarify the situation: “the OusaJd, and other Tribes, — who, 
driven from their own abode, the Lands towards the South, near 
Missilimakinac, have sought refuge at the head of the bay;” 
“the Poteouatami, the Ousaki, and the nation of the Pork also 
live here, but as foreigners, driven by their fear of the Iroquois 
from their own territories, which lie between the Lake of the 
Hurons and that of the Hinois.” [Both extracts are from the 
Relation of idyo-’yi.] It is not at aU likely that the Sauk (Ou- 
saJd) would have remained in the lower Michigan peninsula to 
face the enemy alone after the Potawatomi and the Nation of 
the Fork had been driven out. We must rather assume a gen- 
eral exodus at the same time, induding the Fox (the intimate 
relations of the Sauk and Fox are well known). Hence C. W. 
Butterfield*^ is surely in error regarding the Sauks, and prob- 
ably the Foxes when he states that they had not migrated from 
the east at the time of Nicolet’s great voyage. According to a 
note in the Jesuit Relations^^ the Skenchiohronon [Foxes, not 
Neuters] are indicated on (S.) Sanson’s map (of 1656) by Squen- 
guioron. As a matter of fact the map has Squenquioron, at the 
end of Lake Erie. If this identification be correct,*® the map is 
probably inaccurate; we have seen above, that in 1640 Le Jeune 
cites the Fox in connection with the Suak, Potawatomi, Kick- 
apoo, Winnebago, and Crane Miami which certainly points the 
region of Green Bay as their habitat. Now the differaices 
between the language of the Sauks and Foxes, and Kickapoos 
for that matter, are very small; and if the ancient home of the 
Sauks was in the lower Michigan peninsula (vide supra), so was 

" Ed. Thwait^s, 55: 103 md 183, respectivdy. 

John Nicolbt. Discovery of the Northwest, 64; i88i. 

« Ed. Thwaiths, 8: 302. 

" Seethe synonymy tmder the article Wy(mingmib& Handbook of American In- 
dians for Bbahchamp’s conjecture regarding Scahentoarrhon. 
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that of the Foxes. If the Foxes had been driven out previously, 
it is entirely possible small parties may have returned. But I 
do not think the traditional statements of the Sauk, Fox, and 
Ottawa,®® locating the Foxes in the lower Michigan peninsula, 
should be taken too seriously, for it may well refer to the later 
raids, especially to the fight at Detroit. It would mean that 
traditional history, going back practically 200 years, could be 
relied upon. Similarly, traditional statements of the Foxes 
having been driven up the Grand River from the GuM of St. 
Lawrence or having had their origin near Niagara Falls,®^ are 
to be rejected, because we know the history of the area imder 
discusrion for a time anterior to 1634. The construction that 
I place on the statements is that the wars with the Iroquois and 
Neuters made a deep impression, and that the geography is 
mixed; that the Foxes often went to Montreal, and even fought 
at Lake George; it is likely some children may have been bom 
on such trips, and they may have been told their birth-place, 
and passed it on. Thus also is to be understood the well-loiown 
statement of Black Hawk. The Rhode Island origin of the 
Foxes®® is too absurd to combat seriously. I may refer briefly 
to Tailhan’s discussion of the early home of the Foxes.'® His 
argumentum ex silentio falls to the ground, for the Relation of 
1657-58 says distinctly “you will see the names of the principal 
Nations,”®'* not “all the Nations.” Kellog’s paper suffers from 
a ■wrong identification of the Outitchakouk (vide supra), ignorance 
of the fact that the Skenchiohronoti was a synonym of the Fox 
Indians, and from too great reliance on traditional history. 
The reference of Re(o)bok to Shea’s article,®® crediting the latter 
■with stating that Nicolet met the Foxes in Wisconsin in 1634 

MiUtslOK, apiid Blair, 2x: 146; A. Bz#ack Bird, Hist* of the Ottawa and Chip* 
pma Indians^ 24. 

« FoRsrra, apud Blair, 2: 183-184; Grignon, Wise, Hist. Coll. 3: 265. 

** Atwatbr. Indians of the Northwest, 88; repeated by GrBBn, The Mesqmki 
Indians, Red Man 5: 47-52, 104-109; queried by Rb(o)bok, loc. dt. 

»* Blair. Vol. 2: 250, 251. 

** Jesuit Eslaiions, ed. ThwaiTBS, 44: 239. 

w Wise, Hist, Soc. ColL 3: 124-138. 
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is due to uncritical reading. Nicolet very Ekely met the I^oxes 
in Wisconsin, but Shea does not say so. He begins his history 
of them in 1666-1667. Steward's discussion of the early his- 
tory of the Foxes suffers from a wrong identification of the 
Ouachegami®* with the (Outagami which shows his ignorance of 
Algonquian languages), his failure toknowthatS^mcfeiofewtonis 
a synonym of Fox, and his too great reUance on traditional his- 
tory; but it may be noted that he utiEzed the information con- 
tained in La Potherie regarding the two Eneages of the Outagami 
which have been ignored by later writers. 

The recent history of the Fox Indians can be readily foEowed 
in the Reports of the Commissioner of Indian Affairs, and local 
newspapers. The Mesquakic Booster, a periodical devoted to 
the present day interests of the Fox Indians, has recently dis- 
continued. 

POPULATION 

In any attempt to determine the population of an Indian 
tribe in previous times, we must take into accoimt exaggerations, 
either unintentional or intentional. The population of the Foxes 
is concisely treated in the articles Fox and Sauk in the Hand- 
book of American Indians. The most reHable estimates of the 
entire Fox population in early times are those of Pike (1805) 
1750, Lewis and Clark (1806) 1200, Beltrami (May 29, 1823) 
1600, Ann. d.l. Prop, de Foi (1830) 1500, Report of the Commis- 
sioner of Indian Affairs (1837) 1600. Pike gives the number of 
warriors as 400, I^wis and Clark as 300. It wiU be seen that, 
roughly speaking, from their figures the total population is four 
times the number of warriors. In this way an estimate may be 
made for earEer times when only the warriors are Hsted. I now 
give some estimates of the number of warriors: 

1666- 1667 {Jesuit Relations) 1000 (gross exaggeration). 

1667- 1670 {Jesuit Relations), 400. 

1 714 (Charlevoix), 500. 

1761 (Wise. Hist. Soc. Coll, i: 32), 350. 

1763 (Col. Dioc. N. Y. 10: 583), 320. 

1777 (Houck, Spanish regime, i: 146), 300-350. 

1783 (Mass. Hist. CoU. I. 10 I1809]: 123), 300. 

“ Artide Wachegami in Handbook of American Indians. Bur. Amer. Bthnol. 
Bull. 30. 
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With the exception of the first estimate, we have a series 
that is entirdy reasonable. The struggle at the Butte des 
Morts easily accounts for the decrease in population after 1714, 
The estimates of Bouquet and Chauvignerie in 1764 and 1763, re- 
spectivdy,®^ and Buchanan®® are too modest, as is that of Jno. Tong 
(about 1780, published 1791). With the exception of Chauvignerie 
(100), these range from 200-250. The statement of Charlevoix 
that there were 3000 women in 1714 is pure exaggeration. This 
would make the number of women six times that of the men, 
which does not accord with the proportions given by Pike and 
Lewis and Clark. The extravagant fi:gure of 3202 in 1819®® as 
the total population must be considered as a deliberate inven- 
tion. The figure of 2000 in 1822 (given by Marston and Morse) 
is a simple exaggeration. The last separate enumeration of the 
Foxes is in 1841, where 1600 is given. Here our real dfficulties 
begin. For by enumeration with the Sauks, we lose trace (for 
a while at least) of the number of true Foxes. And what is 
more, we are involved in the gross exaggerations in the enum- 
erations of the Sauks. To make the matter dear, and at the 
same time not to go into this at too great length as it is a side- 
issue, it is necessary to state that the most reliable estimate of 
the Sauks in the early days is that of Lewis and Clark, namdy, 
2000. That of Pike is 2850, that of the Ann. d. 1 . Prop, de Foi 
(1830) is 2400. These are exaggerations of a comparatively 
nuld order; soon we see the wildest .kind of guesses; in 1819 we 
get 3847, in 1822, 3000 and 4500, in 1823, 4800, which figure we 
find again in 1837 and 1841, not counting the Missouri Sauks 
(500, the percentage of Foses among these cannot be determined, 
but apparently was small). Drake in 1820 gives the combined 
Sauk and Fox as about 3000 “one-fifth of whom may be war- 
riors.” The state of affairs can be seen by the remarks of 
Marsh in 1834; we are told that the agent counted the combined 
Sauk and Fox as 6400, but that others estimated the number 

Schoolcraft, $: 554, 559. 

*• Between 1770-1780, reported by HsonrawoBR. 

** Wise. Hist Soc. Coll. 20. 
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to be between 2000 and 2400, adding that he himself considered 
2000 to be nearer the figure. Apparently the fact that the 
population was exaggerated was gradually making headway in 
ofl&daldom, for, in the Report of the Commissioner of htdian 
Adairs in 1838, this is taken into account and the Mississippi 
Sauk population is given as 2100. But such is the attachment 
for large figures, apparently to balance at least partially his 
over-estimates of the Sauks, that the agent gives the reckless 
figure of 2446 for the Foxes. Unfortunately ofi&daldom could 
not be contented with such modest figures for the Sauks, and in 
1841 we have the old exaggeration (vide supra). A wholesome 
reaction came in the next year when a treaty for the removal 
of the Sauks and Foxes from Iowa was effected, and from 1842 
to 1845 the combined Sauk and Fox population is given as about 
2300. An attempt at honesty was made in 1841 when in spite 
of the erroneous separate emuneration of the Sauks, the com- 
bined population of the Sauk and Fox of the Mississippi is given 
as 2300. It is to be borne in mind that in the same official 
document the Fox population is given as 1600! Other exag- 
gerations of the Sauk population are passed over, save that in 
1826 Forsyth gives the number of warriors as 1000 and Keo- 
cudr as 1200.®® Summing up for the population prior to the 
removal to Kansas, we may say that if we accept the figures of 
Lewis and Clark, Drake, Marsh, and the report of the Com- 
missioner of Indian Affairs for 1842, we have an orderly sequence, 
such as may be readily accounted for (as by the Black Hawk 
war, and natural causes); the acceptance of the larger figures 
(and this applies especially to the Sauk) involves us in hopeless 
meshes. From now, owing to the merging of the enumeration, 
the situation is difficult. The rmoval of Indian tribes ordi- 

Wbnnsbba (apud NarraUve of an Expedition to the Source of St. Peter* s River 
, . . 1823, compiled by Wh^liam H. EI^ating, vol. i: p. 219) says, ‘'upwards 
of a thousand warriors . . . the real number of warriors of pure Sauk extraction 
does not . , , exceed two hundred.” The adoption of prisoners of war accoxmts 
for the rest. Are we to understand something of this sort from I^orsyth’s and 
Keocuck’s figures? 
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narily involves a considerable loss in population; but in 1849 
tbe combined Sauk and Fox of the Mississippi is given as 3000; 
but it is oflELcially known that one-half the Sauk and Fox of the 
Missouri had joined them. In 1851 three hundred perished by 
cholera: iu 1852 three hundred dial of smallpox. According to 
the report of the Commissioner of Indian Affairs for 1853 there 
were 2173 Sauk and Fox of the Mississippi; in the report for 1857 
we learn the Sauk and Fox of the Mississippi in 1853 was 1748: 
but no explanation of the discrepancy is given. In 1857 the 
population of the Sauk and Fox of the Mississippi is given as 
1367, and those of the Missouri as 350. The probable inter- 
pretation of this is that the Sauk and Fox of the Missouri who 
had joined those of the Mississippi had rejoined their own body. 
From this time on the population diminished slowly but surely; 
and the details can be readily found in the reports of the Com- 
missioner of Indian Affairs. What is more important to us is 
that the Foxes (at least a majority of them) eventually left 
Kansas for Iowa, where they purchased land. Their popula- 
tion eventually reached to about 400 when an epidemic of small- 
pox swqjt many away. To-day they are 350 in round numbers. 
OjEdally they are called “Sauk and Fox;” but in language they 
are Foxes; and also in ethnology. Even the government in its 
treaties recognized the Foxes as distinct as late as 1859 so that 
the much heralded amalgamation with the Sauks is shown to 
be a myth. It may be noted that there are some Sauks among 
“Sauk and Fox” near Tama, Iowa; and many others have Sauk 
blood; still others have French, English Potawatomi, or Winne- 
bago blood; and some are hopeless mixtures. Briefly, I doubt if 
there are still (1918) any Foxes living who are absolutely free from 
foreign mixture. Another point may here be taken up. OfS- 
cially the munber of full-blooded Indians is very high; but tln> 
is an exaggeration, as I know from personal field work. In 
drmng it may be said that there are some Foxes among the 
“Sauk and Fox” (who are mainly Sauks) of Oklahoma, anri 



MXCHBWON: notes on the EOX INDIANS 


493 


others doubtless have Fox blood; but thdr proportion is un- 
known.®' 


THE AEEEGED IROQUOIS ORIGIN OF THE FOXES 

N. H. Winchell,®® attempts to prove that the Foxes (Outa- 
gami) were originally an Iroquoian people (thus repeating Smith’s 
old error) . The arguments adduced are so absurd that they would 
not merit any attention were the paper not in a periodical of 
high standing. The statement that the Foxes were almost 
annihilated by the Ojibwa in 1777 simply shows that Winchell 
could not have investigated the question of the Fox population 
with any care; the figures given by Lewis and Clark, Pike, Ann. 
d. Prop, de la Foi, Marston, and Fors3rth, give the lie direct to 
this imputation.®® The argument is that tihie Foxes being vir- 
tually annihilated by the Ojibwa were absorbed by the Sauks, 
and began to be transformed, language and all, and consequently 
present linguistic investigations would be of little value unless 
such an amalgamation were taken into consideration. The 
question of annihilation has been dealt with above; as to absorp- 
tion, undoubtedly many Foxes have Sauk blood, but Fox eth- 
nology has remained distinct from Sauk ethnology in at least 
certain respects.®® The linguistic point raised by Winchell can 
readily be overthrown. The language spoken by the Foxes of 
to-day is more archaic than that spoken by living Sauks, as I 
have shown elsewhere;*® and it should be noted that Kickapoo 
agrees with Fox in many of these differences. Hence the ques- 

Steward {Lost Maramech and earliest Chicago, 1903), discusses the Sauk aud 
Fox populations, and comes to the conclusion that they increased very rapidly 
between 1805 and 1825. Had he carried his investigations further he would have 
seen that the supposed increase in reality did not take place (vide supra). Turner 
( loc. dt.) also touches on the Fox population in so far as he gives various early 
estimates of the number of warriors, closing with 1762. 

8* Proceedings of the Mississippi Valley Historical Assodation, 1910-1911: i8i- 
188. 

A similar error is to be foimd in the Handbook of American Indians under the 
artide "Foxes.” 

For example, in social organization. 

Bur. Amer. Bthnol. Ann. Rep. 28. 
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tion of linguistic assimilation does not come up at all. The 
argument tliat the Foxes were not Algonquians because “they 
spoke a language which could not be understood by an Ottawa 
interpreter,’’ is positively ludicrous. What use would an Ottawa 
interpreter be among the Sauk, Elickapoo, or Ddaware? He 
could undoubtedly understand isolated words, but not whole 
sentences. But what does that prove? Simply that Sauk, 
Eckapoo, and Delaware are too remotely related to Ottawa to 
be mutually intelligible. In precisely the same way an English 
speaking person would be useless as an interpreter among Ger- 
mans unless he had studied and mastered their language. Al- 
lowing for the sake of argument that Iroquoian pottery has been 
found in Wisconsin in localities where the Foxes have dwdt 
for a long period, that does not prove the Foxes were Iroquoian 
in a linguistic sense, for it could easily be accounted for by 
acculturation. What have wars on other Algonquian tribes to 
do with the problem of whether or not the Foxes Imguistically 
were Algonquian or not? The English and Germans fought 
against each otha in the Great War. Nor have political alli- 
ances anything to do with linguistic relationship; the Japanese 
to-day are the allies of the Englidi. As to the statement that 
they were mound builders thus resembling the Iroquois in con- 
trast with all Algonquian tribes, which I doubt, what has a cul- 
tural phenomenon to do with a linguistic one? Or what have 
temperamental differences, a psychic pheuamenon, to do with 
a linguistic problem? Nothii^. The alleged original home of 
the Foxes in an Iroquois country is shown in the section dealing 
with their history to be nothing more than a misunderstanding, 
to put it mildly. In any case this has nothing to do with the 
question whether or not the Foxes were originally Iroquoian in 
a linguistic sense. Thus all the arguments crumble down, one 
by one. 
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ORNITHOLOGY. — The birds of the Tambekn Islands, South China 
Sea. Harry C. Obbrhowbr Proc. U. S. Nat. Mus. 5 S: 
129-143. 1919. 

The Tambelan Islands lie in the southern part of the South China 
Sea, about 100 miles west of Borneo. Dr. W. L. Abbott, who was the 
first ornithologist to explore these islands, spent two weeks there from 
August 3 to August 15, 1899, during which time he collected 53 birds, 
representing 12 species. These, together with his field notes, bring 
the number of avian species now known from these islands collectivdy 
up to 22. A list of these, with critical notes on specimens obtained, 
forms the present contribution. There are apparently few, if any, 
endemic forms in these islands; and their afSnities so far as birds are 
concerned seem to be with the Anamba Islands which lie 150 miles 
farther north, rather than with the nearer Bornean coast. The form 
of Orthorhamphus magnirostris occurring in this region is apparently 
without a name and is here called OrOtorhamphus magnirostris scom- 
mophorus. H. C. 0 . 

ORNITHOLOGY.— ATofes on birds collected by Dr. W.L. Abbott on Pulo 
Taya, Berhala Strait, southeastern Sumatra. Harry C. Obbr- 
HOi,SBR. Proc. U. S. Nat. Mus. 55 : 267-274. 1919. 

The island of Taya is situated at the eastern end of Berhala Strait 
about 30 miles north of the coast of Sumatra. Dr. W. L- Abbott 
visited this idand and the near-by Nyamok Islets from July 26 to July 28, 
1899, and obtained a small collection of 30 specimens of birds r^resenting 
8 species. Two other species were seen but not obtained. Critical 
notes here presented indude the description of two new subspedes, 
Lamprocorax panayensis richmondi and Cinnyris ornata microleuca, 
both of which are apparently peculiar to this island. Of considerable 
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interest is a specimen of the rare pigeon commonly known as Columha 
grisea (Bonaparte), which Dr. Richmond renamed Columba phasma, 
but which has an earlier name in Columba argentina Bonaparte. 

H. C. O. 

ORNITHOLOGY . — Notes on the wrens of the genus N annus BilWerg. 

Harry C. Oberhoi^Br. Proc. XJ. S. Nat. Mus. 55 : 223-236. 

1919. 

The present investigation of the genus Nannus (olim Anorthura) 
concerns chiefly the American forms, but a few changes in Old World 
races axe noted. Altogether there are 36 forms in the genus, and al- 
though some of these formerly stood as species, they are now con- 
sidered subspecies of the European Nannus troglodytes. Birds from 
middle Europe differ from the typical race of Norway and Sweden 
and should be subspedfically separated as Nannus troglodytes syhestris 
(Brehm). The bird heretofore known as Troglodytes palUdus Hume 
should now be called Nannus troglodytes iianschanicus (Sharpe). The 
race described as OMorchilus fumigatus Clark from the Amur region 
in eastern Siberia proves to be a good subspecies and should stand as 
Nannus troglodytes amurensis (Clark). The bird named by Buturlin 
Anorthura fumigata ussuriensis is apparently the same. The American 
forms of this genus are now increased to 9 by the addition of the fol- 
lowing three new subspecies: Nannus troglodytes kiskensis from Eliska 
Island, Alaska; Nannus troglodytes tanagensis from Tanaga Island, 
Alaska; and Nannus troglodytes petrophilus from Unalaska Island, 
Alaska. H. C. 0 . 

ORNITHOLOGY . — Birds of a Washington City dooryard. Harry C. 

OBERH013ER. Amer. Midi. Nat- 6: 1-13. 1919. 

The observations here recorded were made in the built-up portion 
of the City of Washington from May 5, 1911, to May i, 1918. The re- 
sult again exemplifies the fact that there is ample opportunity for natural 
history study even in the midst of a crowded dty. The total number 
of species herein recorded is 100, with notes on the dates of their occur- 
rence. The largest number of these seen on any one day was 18. 
Among these, the most interesting for their appearance in city dis- 
tricts were probably Colinus virginiams virginianus, Porssana Carolina^ 
Bariromia longfcauda, five species of the genus Hylodchla, and Loxia 
curoirostra minor. H. C. O. 
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ORNITHOLOGY. — Description of a new seaside sparrow frcnn Florida. 
Arthur H. Auk 36 : 86-87. January, 1919. 

The discovery of a new species of bird in North America at the 
present time is a scientific event of some importance, although the same 
is not true of a subspecies. Explorations in southern Florida have 
brought to light what is evidently an entirely new species of the genus 
Tkryospiza. It differs so remarkably from all the other forms of the 
genus that intergradation seems never likdy to be found. It most 
nearly resambles Tkryospiza maritima sennetti of the coast of Texas, 
from which, however, it differs conspicuouriy in its more sharply 
streaked and more extensivdy white lower parts. In the general 
character of its under parts, it is more like Tkryospiza nigrescens of 
eastern I^orida, but the color of its upper surface is entirdy different. 
It is appropriatdy named Tkryospiza mirabilis. 

Harry C. Obbrhoi,ssr. 

ORNITHOLOGY. — Bird records frotn tke Sacramento Valley, Cali- 
fornia. Albxandbr WbtmorB. Condor 21 : 73-74. 1919. 

During the period between August 17 and October 17, 1918, bird 
observations were carried on in the Sacramento Valley, between Marys- 
ville, Maxwdl, and Tehama. Notes on 12 of the most interesting 
spedes noted are presented here. The northern limit of the range of 
the following spedes in the interior of California is apparently extended 
by these observations: Deiuirocygna bicolor, Hydroprogne caspia im- 
perator, Egretia ihula ikula, and Tyto alba praiincola. 

Harry C. Obsrhoi.ssr. 

ORNITHOLOGY. — Notes on tke structure of the palate in the Icteridae. 
Alexander Wetmorb. Auk 36 : 190-197. 1919. 

The ked on the palate of the graddes of the genus Quiscalus is a 
well-known character. Investigation shows it to be a projection de- 
vdoped as a fold in the homy sheathing of the palate. Its use, hitherto 
unknown, has recently been ascertained by fidd observation. It is 
now found to be of assistance in obtaining kernels from acorns by 
cutting the shdls, and has other similar functions. Several other 
genera of Icteridae have indication of a similar projection on the pal- 
ate. This is most prconinent m Icterus gularis, although apparently 
absent in all other spedes of the genus Icterus. In this spedes it is 
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wdl devdoped, knob-Uke, and almost as prominent as in Quiscalus. 
It constitutes thus an excellent generic character, and necessitates the 
segregation of Icterus gularis and its subspecies imder the generic name 
Andriopsar Cassin. Harry C. Obbrhoi^r. 

ORNITHOLOGY. — Descriptions of appare^ttly new Colombian birds* 
W. E- Clyd]^ Todd. Proc. Biol. Soc. Wash. 32 : 113-118. June 
27, 1919. 

A study of the South American collections in the Carnegie Museum 
has resulted in the further discovery of 5 new species and 14 new sub- 
species, all from Colombia, brief descriptions of which appear in this 
paper. The species are: Myiobius semiflavus from El Tambor, San- 
tander, Colombia; Grallaria alticola from Lagumllas, Boyaca; Venili- 
ornis chocoensis from Malagita, Choco; Odontophorus mriegaius from 
La Pica, Santander; and Crypturus idoneus from Bonda, Santa Marta. 
The subspecies are: Atlapetes smnirufus majusculus from Pefia Blanca, 
Santander, Colombia; Phoenicothraupis rubica coccinea from La Colo- 
rado, Boyaca; Cistothorus aequaiorialis fuhescens from Paramo Guer- 
rero, Santander; Leucolepis lawrencii assimilis from Sautata, Rio Atrato; 
Leucolepis phaeocephahis propinquus from Jaraquiel, BoUvar; Meco- 
cercuhis leucophrys noiatus from Leonera (near Caldas); Platytriccus 
cdbogularis neglectus from La Colorado, Boyaca; Pipra erythrocephala 
flammiceps from El Tambor, Santander; Pipra velutina minuscula from 
Quibdo, Rio Atrato; Hylopezus perspicillatus pallidior from El Tam- 
bor, Santander; Lepiasthenura andicola exterior from Lagxmillas, Boyaca; 
Deconychura typica minor from El Tambor, Santander; Celeus 
innotatus degener from El Tambor, Santander; and Nonnula frontalis 
pallescens from Pundadon, Santa Marta. Harry C. OB^RHOi^nR. 

ORNITHOLCXiY. — The migration of North American birds* IX* 
Crows* Harry C. Obsrhoi^sbr. Bird Lore 21: 100-102. 1919. 

The wdl-known Corvus brachyrhynchos, as represented by five sub- 
spedes, induding Corms brachyrhynchos caurinus, occupies the greater 
part of the United States and Canada. It is resident except in the 
northern part of its range, for which region the dates of its spring and 
autumn migration are here given. The distribution of Corms ossi- 
fragus, the European Corvus frugilegus^ and the European Corvus cor- 
nix, are also added as of interest in this connection. 


H. C. 0 . 
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ORNITHOLOGY— Z)wcn^)iicm of a new Conurus from the Andaman 
Islands. Harry C. Obbrholser. Proc. Biol. Soc. Wash. 32 ; 
29-32. April II, 1919. 

Examples of Conurus fasciaius from the Andaman Islands prove to 
differ from the mainland birds in their larger size and paler coloration, 
and are here separated as a new subspecies, Conurus fasciaius abbotH, 
With this addition there are now five races of Conurus fasciaius. 

H. C. 0 . 

ORNITHOLOGY.— new birds from Celebes and Jam. J. H. 
RnjSY. Proc. Biol. Soc. Wash. 32 : 93-96. May 20, 1919. 

Three additional species and two subspecies from Celebes and one 
subspecies from Java have been brought to light by further study of 
the bird collections made by Mr. H. C. Raven. The species are: 
Megalunis celebensis from Besoa, Celebes, the first of its genus to be 
found in Celebes; Dicruropsis moniana from Besoa, Celebes; and 
Pachycephala phmosa from Rano Rano, Celebes. The subspedes de- 
scribed are: Eualfadoria chinensis palmeri from Daroe, Java; Anas 
superciliosa percna from Kodawi, Celebes; and Zosterops airifrons surda 
from Rano Lindoe, Celebes. Harry C. ObbrhowEr. 

ORNITHOLOGY.— of a new race of the western guU. Jon- 
athan Dwight. Proc. Biol. Soc. Wash. 32: 11-13. February 14, 
1919. 

The western gull, Larus ocddenialis, is found to be separable into a 
northern and a southern subspedes. The latter, which differs from 
the typical form of the coast of Oregon and Washington in its deddedly 
darker mantle and reduction of gray area on the primaries, is here 
named Larus occidentalis Imns. It ranges from the coast of central 
California south to both coasts of Lower California. 

Harry C. Obbrhoi<sbr. 



PROCEEDINGS OE THE ACADEMY AND AFFILIATED 

SOCIETIES 

GEOLOGICAL society OF WASHINGTON 
338TH meeting 

The 338th meeting of the Society was held in the auditorium of the 
Cosmos Club on Wednesday evening, May 28, 1919, at 8 p.m. 

Informal Communications 

Mr. LaForge spoke of a fairly wide-spread misapprehension of the 
exact meaning of the words taltis and shingle and the resultant in- 
creasing tendency to use them incorrectly. Talus seems to be used to 
some extent in the United States for the material which in reality 
constitutes a talus. The word is synonymous with scree which is 
commonly used in Great Britain. It means “a heap of coarse rock 
waste at the foot of a diff or a sheet of such waste on a slope below a 
cliff,” and its use should be confined to the heap or sheet and not 
extended to the constituent material, which is rock waste. 

There seems to be a rather general idea that shingle means gravel com- 
posed chiefly of flattened pebbles which have been arranged by gravity, 
wves, or currents so as to overlap like shingles on a roof. This is 
entirely incorrect, as the word has no relation to the ordinary English 
word shingle (originally dflndle), but is derived from the same Germanic 
or Norse root from wMch comes our common word sing, the h having 
been introduced through corruption, and it refers to the peculiar sound 
made by the material when trod upon or when rolled down the slope 
of the beach by a receding wave. 

This brings up the question regarding the origin of the sound, and, 
therefore, regarding the essential or distinctive character of shingle. 
The dictionaries and those text-books which define the word state that 
it is “beach material coarser than ordinary gravel,” but manifestly 
such a definition is inadequate, as some “tinging” beaches consist of 
fine material and many beaches composed of coarse gravel do not 
“ting.” Apparently the subject has not been investigated experimen- 
tally, but the number of field observations have led ^e ^aker to the 
following tentative hypothesis: 

The production of a sound approximating a mutical note requires 
a certain degree cff uniformily in the sound-making material and the 
pitch of the sound de^ds on the dimensions of the material, and of 
the resonating space, if there be any. To have such uniformity it is 
therefore necess^ that the pebbles be of approximately the samp 
size, hence the interstices will not be filled with finer material, as in 
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ordinary gravel, and resonating space of approximately uniform **mesh” 
will be provided. Field observation shows that it is also essential 
that the pebbles be of fine-grained dense rock and smoothly roimded, 
so that the rubbing of one upon another will tend to set up definite 
vibrations rather than irregular jars, and shows further that the coarser 
the material of a “singing” beach the lower the note produced. If 
this suggested explanation be correct, shingle should be defined as 
“beach material, coarser than sand, consisting of smoothly rounded 
pebbles of dense, fine-grained rock, of approximately the same size, 
and hence not having the interstices filled with finer material, which 
gives out a sound resembling a musical note, when trod upon or when 
rolled about by waves.” 

Mr. Frank L. Hess said that tourmaline cobalt-bearing veins oc- 
curring in the Blackbird region, Lemhi County, Idaho, are dense 
black and occur in a dark, fine-grained, thin-bedded quartzite. The 
cobalt is in many places difficult to see, but it shows up on crushing 
and panning the rock. A polished section was exhibited showing a 
mass of microscopic tourmaline crystals with clouds of included cobalt 
minerals, mostly cobaltite. 

Dr. H. M. Ami called attention to the fact that on the shores of the 
Dead Sea in Palestine there are innumerable fresh water shells washed 
up by the waves along with drift wood and other forms of vegetable 
matter. The hypersahnity of the water precludes any form of life. 
He surmises that these shells presumably are brought into the sea by 
Jordan River, and calls attention to the fact that the presence of 
freshwater shells in strata does not necessarily predicate that the water 
m which the sediments were laid down was fresh. 

Regular Program 

E. W. Shaw: Present tendencies in Geology. III. Stratigraphy. 

(This paper will be published later in this Journal.) 

M. I. Goldman: General character, mode of occurrence, and origin 
of glauconite. 

The characters of the mineral were briefly reviewed, and it was 
pointed out that there are a number of varieties in addition to the 
common form in rounded, compound-polarizing grains. Some of these 
seem to have been deposited epigenetically from solution, but the 
speaker did not believe that there is good evidence for the deposition 
of any of them from solution syngenetically. The importance of fur- 
ther study, especially chemically, of the w^ defined, micaceous green 
crystals sometimes foimd associated with the cryptocrystalline forms 
of glauconite, and believed to be glauconite, was emphasized. 

The chemical composition and mineralogical affinities were dis- 
cussed. The potassium content, which averages around 7 per cent, 
distinctly differentiates glauconite from the chlorites which it resem- 
bles in many of its mineralogical characters, and the predominance of 



502 


procbedings: gboIvOgical sociSTy 


ferric over ferrous iron and the fact that glauconite seems to be an 
orthosilicate points in the same direction. Then too, the molecule of 
water which appears to be an essential part of its composition would 
place it rather with the vermiculites than the chlorites. Allying it 
with the dhlorites, on the other hand, is the magnesia content which 
seems to be pretty persistent. The chemical composition presents a 
fundamental diffi^ty, however, since it is uncertain whether the 
mineral is a definite crystalline substance or a colloform mixture. 

Glauconite is a characteristic phase of certain terrigenous marine 
sediments and very widely distributed around all lie continents. 
But it is rare in the delta type of terrigenous deposit on the one hand 
and in pellagic deposits on the other. Concerning its mode of forma- 
tion there is great uncertainty, but it seems to develop in small segre- 
gated pellets of day (generally i mm. or less diam.) when there is 
organic matter present. The process assumed has been the reduction 
of the sulfates of sea water to sulfides which form iron sulfide with 
the iron present in the day. This sulfide is believed to combine with 
silica in the day and the iron silicate thus formed to take up potassium 
from the sea-water. The combination of iron sulfide with silica to 
form a silicate has been brought about experimentally, but the reaction 
was prevented by an excess of hydrogen sulfide. On the basis of the 
facts summarized the speaker presented the hj^pothesis that glauconite 
is one of three characteristic modes of occurrence of iron in marine 
deposits, being an intermediate product between high organic content 
and reducing conditions yidding the sulfide on the one hand, and low 
organic content with oxidizing conditions producing the hydrous oxides 
on the other. 

Geoloipcally, also, glauconite is a very widdy distributed and com- 
mon mineral, having been foimd in deposits of every period. It occurs 
particularly characteristically, however, just above unconformities, 
that is in transgressing (perhaps also in regressing) formations, and 
preeminently in connection witii the great transgression of the lower 
part of the Upper Cretaceous. This stratigraphic position has not 
been adequatdy explained. The frequent association of glauconite 
and phosphate in both recent and ancient d^osits is familiar, and 
Murray has pointed out a rdation, at least partial, of phosphate with 
great extremes of surface temperatures of the ocean. Cayeux has 
suggested that such instabilities of temperature might be produced by 
extensive movements of the earth’s crust and the same explanation 
may be applicable, in part, to the geologic occurrence of glauconite. 

G. R. ManspibU): General features of the glauconite marls of New 
Jersey. 

(This paper is to be published in Economic Geology.) 

E. 0. UiRiCH: Paleozoic glauconite zones and suggestions as to tiieir 
origin. R. W. SxoNB, Secretary. 



SCIENTIFIC NOTES AND NEWS 

The Chemical Society of Washington has secured permission from 
Maj. Gen. William E. Sibert for its members to visit the government 
gas plant at Edgewood Arsenal, Edgewood, Maryland, on a Saturday 
about the middle of October. Others in the city who are interested 
will be welcome. The chemists of Philadelphia, Wilmington, and Balti- 
more will also visit the plant on the same day. Details of the arrange- 
ments will be announced later. 

Word has been received that Messrs. Allbn, Fenner, and Zies, of 
the Geophysical Laboratory’s party in Alaska, have arrived safely at 
Kodiak with collections of gases and emanations from the fumaroles 
of the Valley of Ten Thousand Smokes. This is the first news of 
the party since the National Geographic Society’s expedition entered 
the Valley in June. 

Mr. Robert Anderson, a petroleum geologist formerly on the U. S. 
Geological Survey, has retmued from Stoddiolm, Sweden, where he 
represented the SWpping Board for the past 6 months, and is about 
to leave for London where he will have charge of geologic investigations 
for Pearson and Sons. 

Mr. George H. Ashley resigned from the U. S. Geological Survey 
on September i, having been appointed State Geologist of Pennsyl- 
vania. 

Dr. Arthur F. Buddington of Brown University, recently in Wash- 
ington with the Chemical Warfare Service, has joined the staff of the 
Geophysical Laboratory of the Carnegie Institution of Washington. 

Miss Eleonora F. Bliss, associate geologist on the U. S. Geological 
Survey, is on leave of absence and is visiting her father. General Tas- 
ker H. Bliss, in Paris. 

Messrs. L. C. Graton, Frank A. Herald, and J. H. Hance, formerly 
geologists in the U. S. Geological Survey, are now enga^d in expert 
work in the income tax section of the Internal Revenue Division of the 
Treasury Department. 

Mr. H. E. Haring, recently in the Inspection Division of the Ord- 
nance Department, has joined the staff of the Bureau of Standards, 
where he will be engaged in electrochemical research. 

Prof. A. S. Hitchcock, systematic agrostologist in the Bureau of 
Plant Industry, Irft New York for British Guiana in September. He 
expects to study the grasses of that country, and will return in about 
four months. The work is being done in cooperation with the New 
York Botanical Garden and the Gray Herbarium. 
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SCDSNIOTIC NOTBS AND NSWS 


Dr, Albs Hrdlicka, of the Smithsonian Institution, has been visit- 
ing Camp Dix and Camp Devens for the purpose of das^ying cer- 
tam antimopometric measurements being made during the demobiliza- 
tion of the soldiers. 

Mr. Prevost Hubbard resigned in July from the Bureau of Public 
Roads, U. S. Department of Agriculture, and is now chemical engineer 
with the Asphalt Assodation, 15 Maiden Lane, New York City. 

Mr. Paul D. V. Manning, formerly chemist with the Nitrate Divi- 
aon of the Ordnance Department, at the Fixed Nitrogen Research 
Laboratory, American University, is now dectrometallmrgist with the 
Chile Exploration Company of New York Cit}'. 

Mr. Louis N. Markovitz, who has been on leave of absence with 
the Chemical Warfare Service at Nela Park, Clevdand, Ohio, has 
returned to his work at the Insectidde Laboratory of the Bmreau of 
Chenustry. 

Dr. Charles L. Parsons, Chief Chemist of the Bmreau of Mines, 
has presented his resignation, to take effect November ist. He has en- 
g^d offices for the American Chemical Society in the Mills Building 
Annex. He will also do a limited amount of private consulting and 
chemical engineering work. 

Mr. E. W. Shaw, geologist of the U. S. Geological Survey, who has 
been cooperating with the Internal Revenue Office in determining the 
income t^ on dl and gas properties, is in Europe on a two months’ 
leave of absence doing consdting geobgic work. 

Dr. H. Tbn Katb, the wdl-known anthropologist, who has been a 
readent of Japan for the past twdve years, visited Washington in 
August. 

Prof. E. W. Washburn, recently acting chairman of the Diviaon of 
Chemistry and Chemical Technolo^ of the National Research Coundl, 
returned to the Univeraty of Illinois in September. 

Mr, L. M. WhiTmorb, formerly in cha^ of the chemical work on 
leather at the Bureau of Standards, redgned in August to accept a 
podtion in the Process Department of Leas and McVitty, Inc., tanners 
of sole leather, at Salem, Virginia. 

Mr. Charles W. Wright, a geologist formerly on the U. S. Geo- 
logical Survey, who has been vidting in the United States for a month, 
has returned to Sardinia and Rome, where he has offices as consulting 
mining engineer. 

Dr. Ralph W, G. Wyckobb, of Comdl Univeraty, has joined the 
staff of the Geophydcal Laboratory of the Carnegie Institution as 
asdstant phyddst 
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CRYSTALLOGRAPHY . — The crystallography of morphine and 
certain of its derivatives. Edgar T. Wherry and Elias 
Yanovsky, Bureau of Chemistry. 

Optical-crystallographic methods having proved to be of prac- 
tical value in the identification of the cinchona alkaloids,* atten- 
tion was directed by the writers to another group of alkaloids, 
namely, morphine and its derivatives, to ascertain if similar 
methods could be applied there. Commercial samples were 
purified (by the junior author) as described below, and crystal- 
lographic measurements were made to establish their identity 
with previously described material. On trying these substances 
by the immersion method under the polarizing microscope it 
was found that they dissolved so rapidly in every immersion 
liquid approaching them in refractive index that their identifica- 
tion by this method would be impracticable. It is probable 
that some of their salts, such as the hydrochlorides, being less 
readily soluble, would be better adapted for optical-crystal- 
lographic identification, and it is planned to prepare and study 
these compounds, although the withdrawalof the junior authorfrom 
the Bureau of Chemistry has led to delay in carrying this out. 
The results of the crystallographic measurements of the alkaloids 
are, however, of considerable scientific interest, and this account 
of them has accordingly been prepared. 

‘ Joum. Amer. Chem. Soc. 40: 1063. 1918. 
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MOEPHEW MONOHYDRATE, C17H19NO8.H2O 

Anhydrous morphine has apparently never been prepared in 
well-crystallized condition, but the monohydrate, which sep- 
arates from all the usual solvents of this alkaloid, has been the 
subject of several crystallographic investigations. Brooke* de- 
scribed crystals showing a pinacoid, prism, and dome, his angle 
measurements, when transformed, yidding ^ prism = 63° 40' 
and p dome = 42° 20'. Schabus® meastured crystals with a 
pinacoid, a prism with ^ = 63° 27' and a dome over the piua- 
coid with p = 24° 54'; he made the pinacoid and dome side- or 


TABLE I. Anglb Tablb for Morphinb Monohtoratb 


Number 

Rhombic (Bisphenoidai,) ; a:b:c 

Symbols 

■s 0.499:1:0.927® 
Observed 

Calculated 

letter 

G’d't Mill. 

Description 

9 > P 


p 

I 

c 

0 

h 001 

Listed by Rammelsberg 

,,,,,, 


0*00' 

2 

b 

0=0 

070 j 

[ Dominant form; cleavage 1 
^ direction J 

1“ o®oo' 90®oo' 

0*00' 

90*00' 

3 

m 

00 

no 

The only prism form 

63*30' 90*00' 

63*29' 

90*00' 

4 


0V2 

012 j 

[ Observed and taken as 1 
[ the unit by Schabus 1 

^ 

0*00' 

24^52' 

5 

r 

01 

on < 

1 The best devdoped ter- | 
[ mination ^ 

^ 0*00' 42*50' 

o®oo' 

42 V' 

6 

P 

1 

III 

Reported by Decharme 



63 ° 29 ' 

64*17^ 


® The axial ratio given is the average of those obtained by the VEurious investi- 
gators of this substance. It is stated to but three decixnal places because of the 
wide variations which appear to exist. The angles of the crystals here measured 
showed a maximum variation of =*»20^ and the probable error of the observed value 
is about 5'- 

brachy-forms. Lang^estabE^edthe optical orientation on crys- 
tals with what appear to have been the same forms, but he took 
the pinacoid and dome as front or macro-forms. Decharme/ 
without measuring any angles, observed a development of bi- 
sphenoidal faces on crystals of two different habits. * 

>Ann. Phil. (N, S. 6 )’' 32 : ii8. 1823; discussed by Schabtts, Best, Kryst,-gest. 
chem. Lab. en. Prod., Vienna, 1855. P. 74 p and by RammbwbBRG, Handb. KrysL- 
phys, Chm. II, 358. 1882. 

* Loc. cit.; abstract in Jahresb. 1854: 510, and in Rambielsbbrg, loc. cit. 

- * Sitzb. Akad. Wass. Vienna 31: 115. 1858. 

* Ann. Cfaim. phys. (Ser. 3) 68: 160. 1863. 
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The alkaloid liberated from a commercial sample of the hydro- 
chloride was recrystallized from absolute methyl alcohol until 
its specific rotation remained the same in two consecutive crys- 
tallizations. The final value for a 1% solution in methyl alco- 
hol was [a]D° = — The usually recommended recrys- 
talHzation from amyl alcohol was found to be less satisfactor}^ 
The crystals finally obtained from methyl alcohol, which at- 
tained a diameter of about i mm., were measured on a Gold- 
schmidt two-drcle goniometer, with the results presented in 
table I. The orientation adopted is that of Schabus, but the 
steeper dome is taken as the unit form, giving a value different 
from his for axis c. 

The essential agreement between the measurements of pre- 
ceding authors and those here reported indicates that morphine 
normally crystallizes, as monohydrate, in a single form, there 
being no evidence of polymorphism. 

Partial optical descriptions of this substance have been pub- 
lished by Lang,® by Kley^ and by Wright® but there are con- 
siderable discrepancies among their results. On examining our 
material by the immersion method, using liquids made up 
chiefly of a petroleum oil, in which the alkaloid is but slightly 
soluble, the data of Lang and of Wright were confirmed for the 
most part, and Kley’s value for one refractive index could be 
explained as a mean between the largest and smallest indices, 
wMe his axial angle must be 2 V. The data obtained were: 

Refractive indices 1 d °1 « = i-sSo, d = 1.625, 7 = 1.645, 
7 — CL — 0.065, 3^1 0.005. Index d is usually diown length- 

wise of the rods, and one of the other, or intermediate, values, 
crosswise; the optic axial plane is perpendicular to the dongation 
of the crystals; axial angle 2B is very large, approximatdy 125°; 
sign — *; dispersion strong with 2Er>2Ev. 

CODEINE, MORPHINE METHYE ESTER, Ci8H2iNO» 

This alkaloid crystallizes in both anhydrous and hydrous forms. 
The former was obtained from carbon disulfide solution and 
« Loc. cit. 

7 Zeitschr. anal. Chem. 43: 164. 1904. 

* Journ. Amer. Chem. Soc. 38: 1655. 1916. 
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descaibed crystaDographically by Arznini.® The forms ob- 
served were front and side pinacoids, two prisms, front and side 
domes, and right and rardy left sphenoids, the important angles 
being, as transformed: <^iio = 47° 05' and pm = 28° 41', cor- 
responding to o: 6: c = 0.930:1 : 0.509. 

It was found best to recrystallize this alkaloid from ethyl 
acetate until the mdting point became constant at 153° (Gri- 
maux^°). Tine crystals 2 mm. in diameter were finally obtained, 
which were measured, with the results shown in table 2. 


TABI/E 2. Angus Tabus sor Codsins 
Bhombic, bisphbnoidal; a:b:c = 0.931:1:0.509“ 


Number 

Symbols 


Observed 

Calculated 

letter 

G’d't Mill. 

Description 


p 


9 

I 

b 

ooc 

010 

Narrow; often absent 



o®oo' 

90®oo' 

2 

a 

QOO 

100 

Prominent form 

90®00' 

90®oo' 

90®oo' 

90°oo' 

3 

m 

00 

no 

One prism form 

47 “00' 

90®oo' 

47 *^ 03 ' 

90®oo' 

4 

n 

002 

120 

Another prism form 

28-15' 

90®oo' 

28-14' 

90°oo' 

5 

Q 

01 

on 

Small; often absent 



o®oo' 

26-59' 

6 

d 

TO 

lOI 

Dominant terminal form 

90®oo' 

28-40' 

90®oo' 

28-40' 

7 

P 

X 

XIZ 

JWdl developed, sphen-? 

\ oidal, both + and — j 

47 w 

36“45' 

47 ® 03 ' 

seV' 


“ As with motphiae the measurements vary =^20', so axes are spven to but three 
places. 


The form above described, which we have found to sqiarate 
also from absolute ether and methyl and ethyl alcohols, is evi- 
dently the same as that described by Arzruni. 

The marked solubility shown by this alkaloid has permitted 
only rough measurements of the refractive indices as: a = 1.62, 
= 1.63, 7 — 1.65, 7 — a = 0.03. The axial angle 2E is 
very large, about 125°; the sign -t-; and the dispersion strong, 
with zEr^ zBv- These agree with the data of Arzruni. 

CODEINE MONOHYDRATB, CisHjiNOi.HsO 
At least six diSerent authors have studied this form of codeine; 
and their results have been tabulated and discussed by Hey- 
diich.“ The forms which have been observed are the base, a 
prism with v = 45° 50' to 46° 15'; two side domes with p = 

■ Zeitsdur. Min. i: 302. 1877. 

Ann. chim. phys. (Ser. 5) 27: 274. 1882. 

Zeitschr. KiysL Min. 48: 270. 1910. 
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22° 35' to 22° 52' for one, and 39° 12' to 40° 02' for the other; 
and a front dome with p = 40° 46' to 41° 04'. The prism and 
the steeper side dome are taken as the unit forms. For the 
present study crystals were grown from water and from hydrous 
methyl alcohol, attaining a diameter of 2 mm. The results 
were: 


TABLE 3* Anou3 Table tor Codeinb Monobydrate 
Rhombic; Probably Bisfhbnoedal; a:b:c = 0.960:1:0.830° 


Number 

Symbols 


Observed 

Calculated 

letter 

0 *d*t MiU. 

Description 

•p 

p 

<p 

p 

I 

c 

0 

001 

Narrow, often absent 


o®oo' 


o®oo' 

2 

m 

00 

no 

Dominant form 

46^10' 

90®oo' 

46®I0' 

90®oo' 

3 

k 

oVs 

012 

One terminal form 

o®oo' 

22 ® 35 ' 

o®oo' 

22*32' 

4 

q 

01 

on 

Another terminal form 

o®oo' 

39 V' 

o®oo' 

39*42' 

5 

r 

10 

lOI 

Observed by Heydrich 



90®oo' 

40*51' 


° Tlie crystals were somewbat better ia this case than in the two preceding ones, 
and the maximum ■variation -was but ^10', but pre-vious results have ■varied so 
markedly that only three decimal places are used for the average aidal ratios given. 


The agreement between these results and the average of 
those of pre'vious authors is dose. 

Codeine monohydrate has been described optically by Kley,^® 
by Heydrich^® and by Wright.^* The measurements by the 
first and last of these au'thors are admittedly only approximate, 
because of the solubility, but Heydrich’s measurements were 
made by the prism metiiod, and are more accurate. The im- 
mersion method gave on our material roughly a = 1.54, 0 = 
1.64, and y = 1.69, y — a = 0.15; axial angle 2E very large, 
around 130°; sign — ; and dispersion distinct, with 2Er<2Ev. 

codetsyline, morphine ethyl ester, monohydrate 

C19H28NO3.H2O 

The ethyl ester of morphine, the hydrochlOTide of which is 
known commercially as dionin, has apparently never been meas- 
ured crystallographically. 

Loc. dt. 

dt. 
lyoc. dt. 
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Some comtnardal dionin was dissolved in water, and ammonium 
hydroxide added to precipitate the alkaloid. This was extracte d 


TABI/B 4. Ancls Tab];]^ Codbxhvunb Monohtdratb 
Rhombic, Probabi^y Bispbdsnoidai,; a:h\c - 1.454:1:0.789® 


Number, 

letter 

Symbols 
G*d't Mill 

Description 

Observed 

P 

Calculated 

V P 

I 

h 

000 

) Narrow; deavage direc-f 
} tioa \ 

o®oo' 

90®oo' 

o®oo' 

90®oo' 

2 

n 

200 

210 

One prism form 

54*00' 

90®oo' 

53 * 59 ' 

9o®oo' 

3 

m 

00 

110 

Another prism form 

34 * 30 ' 

90®oo' 

34 * 31 ' 

90®oo' 

4 

k 

oV* 

012 

Narrower dome 

o®oo' 

2I®30' 

o®oo' 

2I®32' 

5 

a 

01 

on 

Dominant terminal form 

o®oo' 

38 * 15 ' 

o®oo' 

38 ®i 6 ' 

6 

d 

10 

lOI 

Well developed 

90®oo' 

28 ® 3 o' 

90®oo' 

28®29' 


® The maxiinmn variation of *20— observed renders the axial ratios uncertain 
beyond the third dedmal place. 


by ether, and recrystallized from this solvent until the melting 
point became constant at 83°. 


ay 


Pig. I.— Codethyline Kg. 2.— Heroine 

The crys^ obtained from ether ccmtaining a little water 
reached a diameter of 5 nam., and were measured, with the re- 
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suits presented in table 3 and in Fig. i. The orientation 
adopted is that which brings out the relationship between this 
substance and the two previously described monohydrates. 

The immersion method yielded the following approximate 
data for these crystals: Refractive indices a = 1.55, d = 1.58, 
7 = 1.65, 7 — a = o.io; axial angle very large, about 125°; 
sign + ; dispersion distinct, with 2Er> 2E,. 

heroine, diacetyl-morphine, C^iH2sNOb = Ci7Hi7N0(CH8C00)2 
The commercial alkaloid was recrystahized until a product 
with a constant melting point of 17 1-172° was obtained. (Var- 
TABLE s- Angle Table for Heroine 


Number 

Rbombic, Bisphbnoidai,; aihic 

Symbols 

= 0.8952:1:0.497' 

Observed 

% 

Calculated 

letter 

G’d’t MUl. 

Description 


p 


p 

z 

b 

000 

010 

Dominant form 

o®oo' 

90®oo' 

o®oo' 

90®oo' 

2 

a 

OQO 

ZOO 

Narrow, yet well marked 

90®00' 

90®oo' 

90®00' 

90®oo' 

3 

n 

200 

210 

Narrow prism form 

65^55' 

90°oo' 

65 * 54 ' 

90®oo' 

4 

m 

00 

ZZO 

Dominant prism 

48 ®zo' 

90°oo' 

48 ®io' 

90®oo' 

5 

Q 

01 

on 

Narrow but definite 

o®oo' 

26 ® 3 o' 

o®oo' 

26®28' 

6 

r 

02 

021 

Very small 

o®oo' 

45* 

o®oo' 

44‘’53' 

7 

d 

10 

zoz 

Narrow, yet well marked 

90®oo' 

29*07' 

90®oo' 

29 ®o 6 ' 

8 

e 

20 

20Z 

Small but definite 

9o®oo' 

48 

90®oo' 

48*03' 

9 

P 

X 

ZXZ 

( Dominant terminal form; 

) both -f- and — sphenoids 

| 48 ®zo' 

36 - 45 ' 

48 ®zo' 

36"45' 


" The crystals of this alkaloid were more perfect than those of any of the others, 
and the maximtun variation on angles was but =^5', the probable error of any one 
measurement being =** i \ This permits statement of the axial ratios to the fourth 
place. 

ious authors give from 169 to 173°.) It was found to crystallize 
well from ether, ethyl acetate, and methyl alcohol. No crys- 
tallographic description of this substance could be found in the 
literature, so four of the excellent crystals obtained from ethyl 
acetate were submitted to measurement, with the results pre- 
sented in table 5, and Fig. 2. 

The crystals obtained from other solvents showed the more 
prominent of these forms, and the angles agreed within h alf a 
degree. 

The <^tical properties obtained by the immersion method are 
as foEows: Refractive indices: a = 1.56, /3 = 1.60, 7 = 1.61, 
7 — 0! = 0.05 ; the maximum and minimum indices ate usually 
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seen on the plate-like crystals; the optic axial plane being 
paralld to the surfaces of the plates, no interference figure is visi- 
ble in most cases, but when flakes are broken across and tilted 
up, partial figures can be seen, the axial angle aE being large, 
about 110°; sign — ; and disperaon strong, with 2Er> sEv 
On comparing the axial ratios of these alkaloids, it is at once 
seen that there are certain relationships among th'm, and it 
seemed of interest to calculate and compare their topic axial 
ratios. Eor this purpose their specific gravities were determined 
approximatdy by su^ension of dear oystals in mixtures of 
sassafras oil and smaE amounts of bromoform, a combination 
sdected because it was found to attack the substances but slowly; 
and the gravity of the liquid in each case was then measured 
by a Westphal balance. The results are presented in table 6. 


table 6 . Topic Axial Batios op tbs Morfbinb Alkaloids Stodipd 



Compound of 

Crystallographic axes 

Mol wt. 

Name 

morphine 

a 

c 


w 

Moiplime 

+ iHjO 

0.499 

0.927 


303.2 

Codeme 

methyl ester 

0.931 

0.509 


299.2 

Codeine 

methyl ester 4 - iHiO 

0.960 

0.830 


317 2 

Codethyline 

ethyl ester 4 - iHjO 

1.454 

0.789 


331 2 

Heroine 

diacetyl deriv. 

0.895 

0.498 


369.2 



Sp gr. Sp vol. 

Topic axes 




P V-W/P 

X 


w 

Morphine 

4 - iHjO 

1.33 229.7 

3.95 

7.92 

7.34 

Codeine 

methyl ester 

1.32 226.7 

7.28 

7 .82 

3.98 

Codeine 

methyl ester 4 - iHaO 

X.31 242.1 

6.45 

6.72 

5-58 

Codethyline 

ethyl ester 4 - 

1.29 256.7 

8.83 

6.07 

4-79 

Heroine 

diaoetyl deriv. 

1.32 279.7 

7.66 

8.56 

4.26 


The toinc axial rdations exhibit certain interesting features, 
and permit of determining in which directi<ni in the crystals 
substitutions or additions occur. Thus, comparing anhydrous 
coddne with its monohydrate, it is seen that the addition of the 
water takes place in the vertical direction, producing a 40 per 
cent increase in axis ^ while x and ^ both decrease about 
15 per cent. Comparing the three monohydrates, of mor- 
phine and of its methyl and ethyl esters, it comes out with 
equal dearness that the CHz groups enter along the front-badk 
axis, for the value of x increases 50 per cent from morphine to its 
methyl ester, and 40 per cent more from the me&yl to the 
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ethyl ester, the other two axes showing decreases of 15-20 per 
cent in each case. Comparison of the diacetyl derivative with 
morphine itself would show significant relations only if the an- 
hydrous form of the latter were available; but on comparison 
with anhydrous codeine, the monomethyl derivative, it is seen 
that all three axes of the acetyl compound are about 10 per 
cent longer than those of the methyl derivative, showing that 
the acetyl groups produce their greatest increase in direction a, 
but at the same time expand the structure somewhat in both of 
the other directions. It is thus possible by this method to throw 
some light on the positions of the chemical molecules in the 
crystals of these substances. 

GEOLOGY . — Present tendencies in geology: Sedimentation.'- Eu- 
gene Wesley Shaw, U. S. Geological Survey. 

Interest in sedimentation has both direct and indirect prac- 
tical bearing. The economic value of this interest may lie for 
the most part in the future, but should nevertheless be definite 
and certain. We wish to know how geologic strata were formed. 
The more we learn about processes and their results the more 
we find there is to learn, and the more the field widens and 
apparent complexity increases the more fascinating becomes the 
subject. 

The main needs fdt are (i) a better understanding of the 
deposits of past ages; (2) a wider knowledge and better under- 
standing of the processes now in operation and of their results, 
as seen in the distribution of sediments, and the form of deposi- 
tional surfaces — submarine, sublacustrine, subfluvial, subaerial, 
and subglacial; (3) the ability to apply our knowledge to economic 
problems the solution of whicii may rest on the nature of ancient 
strata and the processes of their deposition, or on similar data 
conce rning present-day deposits. It can be demonstrated that 
knowledge of sedimentation may reduce the (x>sts of finding the 
mineral treasure of the sedimentary badns, of harbor improve- 
ment, of fish culture, etc. 

A knowledge of sedimentation involves a study of the processes 
and immediate results of dqposition; the source of sediment and 

^ Ereaented before the Geological Sodety of Washington, May 28, 1919. 
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its traasportation; and the processes whidi modify strata and 
their component materials after they are laid down. The term 
sedimentation ^oiild cover these related matters, else another 
term is needed, for it seems impracticable to isolate these three 
branches of investigation. 

The interpretation of a layer of sediment may involve the 
examination of the parent rocks or organisms or solutions from 
which it was derived and a study of the transporting agents that 
brought it to its present position. It may be possible occasion- 
ally to trace ancestry back through several generations of strata 
but the numbers of individuals in each preceding generation 
usually show an increase more rapid than the usual biologic 
ratio of 2, and one is soon lost in a maze which generally ob- 
structs attempts to trace lineage back to the ancestral igneous 
and metamorphic rocks. 

It is rather curious that although the problems of sedimenta- 
tion are relatively simple, advances in the science, in the opinion 
of some, have been of a slow and halting nature. The tonpera- 
tures and pressures involved in processes of sedimentation are 
of a low order compared with those concerned in the study of 
igneous rocks. One or more of the processes are everywhere in 
operation; many of them can be rq)roduced in large part, some 
with simple apparatus; and the deposits themsdves are fully 
exposed to view and ready for inspection and sampling. 

Apparently there have been and will continue to be two gen- 
eral ways of making progress in knowledge of sediments: One 
is through contributions from geologists in general and paleon- 
tologists in particular, who gather facts and formulate ideas in the 
course of their other work. Tor example, A. C. Veatch observed 
impressions of upright trees and, with the associated stratifica- 
tion, interpreted a formation as made up of sand dimes. Ste- 
phenson suggests that pebbles worn to disc or oval ^apes indi- 
cate wave action on a beach. Ulrich has outlined the general 
conditions of deposition of various formations. The other 
method is by spedal deductive or inductive field, laboratory or 
closet studies of sheeted sediment problems. Up to date there 
have been many contributions to the first dass; to the jyro in d, 
few. 
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Notwitiistaiidiiig the fact that advances have been made, there 
is as yet no adequate systematic classification that is generally 
acceptable. There is not even a satisfactory nomenclature. 

There are many features of sedimentary deposits that are not 
understood and are passed unexplained. Concretions, day balls, 
mud pebbles, quidrsand, singing sand and a large number of 
less common namdess features are familiar but not thoroughly 
tmderstood. There are also, for example, extremdy interesting 
problems concerning the devdopment of beadies, the conditions 
that control the amotmt of wave erosion which a subdding land 
undergoes, and so on. One may assume that wave erosion is 
most vigorous at the seaward end of a peninsula that is bordered 
by deq) water. Yet the offshore slopes both at the south end 
of the Florida peninsula and off the mouths of the Mississippi 
are above average, whereas wave erosion is bdow the average. 
At the mouths of the Misassippi the average offshore slope is 
about 6o feet to the mile, yet houses built on piles whose tops 
are 4 to 6 feet above sea level are reasonably safe even in a West 
Indian hurricane. 

Progress in dedphering the processes of sedimentation is 
difi&cult; the quantity of data and ntunber of working h3rpotheses 
to be borne in mind are legion. Lack of progress has been due 
not only to neglect and oversight but to inherait difficulties. 
A review of a piece of work in sedimentation is Hkdy to call 
forth the remark, “Fundamental problems are still unsolved.” 
Too much must not be expected from little expenditure of energy. 
It is equally true that coordination of effort is necessary for the 
best results. 

We must admit that we can see only dimly the conditions under 
-which many of our most familiar formations were laid down. 
We cannot yet write the equation for the reaction which in Na- 
ture’s laboratory produced the St. Peter sandstone. We can, 
of course, write: a supply of suffidently coarsfr-grained material 
exposed at the surface + suitable agents operating in the right 
direction for its transportation -4- land of suitable surface con- 
figuration and altitude -|- disposal by some means of all other 
frdght carried by these agents -j- wind or some oth^ work to 
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rotmd and frost the grains + a transgressing sea to redistribute 
the sand without introducing any more mud than the formation 
contains, and so on; but at the end we would still have a very 
poor idea of the conditions of deposition. Indeed if each known 
dement in the equation were fully undeistood and were repro- 
duced we probably should not get another St. Peter sandstone, 
and possibly the result would only remotdy resemble it. 

The Devonian black shale, the great coal beds with thdr 
persistent thin partings, the wide spread sandstones, such as 
the Dakota and Berea, the oolites, the so-called “Lafayette 
formation,” and a great many others are stiU more or less mat- 
ters of mystery. We are inclined to make remarks of satisfac- 
tion such as that we were formerly misguided regarding a cer- 
tain formation but that we know better now, — we tmderstand 
the conditions of its deposition; we used to think, for example, 
that coal is a product of tropical climate; now we know that it 
is formed under temperate or cool temperate conditions. But 
is there not still a great gulf between the rdativdy small and 
rarely smothered peat bogs upon which our assumed tmder- 
standing of coal rests and those great expanses of peat swamp 
which developed over a sinking and frequently flooded land? 

It seems to me that after all, we know for most strata only 
the main features of their conditions of deposition. We do not 
know whether the surhdal sand and gravel dq>osits of the 
Atlantic Coastal Plain are mainly marine or mainly fluviatile, and 
this, notwithstanding the fact that all are geologically recent 
and some very recent formations. Various criteria become ob- 
scure with age and in particular the related physiographic fea- 
tures are gradually wiped out. Yet here in ^ite of youth and 
more or less perfect lareservation of several kinds of physio- 
graphic features we are still groping in the dark, and are for- 
tunate if we are able to avoid the pitfall of jumping at con- 
clusions. 

Vaughan® says: “It is generally agreed that the soundest basis 
for mferting the condition under which past spdim<>Tita were 
formed and deposited is to be obtained through a study of pres- 

* Unpublished memorandiim to National Researdi Cotmni. 
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ent-day sediments and sedimentary processes and tliat as great 
a diversity of phenomena as possible should be investigated.” 
In the report of the Petrologists’ Club committee on sedimentary 
rodcs® it is stated that “The main object of petrologic descrip- 
tions of sedimentary rocks is evidently the interpretation of 
sedimentary records, though such descriptions diould be useful 
also for identification, classification, economic purposes, and 
miscdlaneous reference.” 

The need of carefully recorded descriptions of the physical 
diaracteristics of ancient sediments is e^edally worthy of em- 
phasis. We have as 3 et no adequate color scale and statem^ts 
concerning texture are usually only the crudest approximations. 
In geologic field work the proportions of various sizes of grains 
are rarely determined. The term “porosity” is used promiscu- 
ously for “total volume of pores,” for “size of pores” and for 
“perviousness” — entirely distinct concepts. Mineralogic or chem- 
ical constitution is rardy determined in detail; — our dassic table 
of average chemical composition of sedimentary rocks is, I be- 
lieve, defective;* and shape of grains in noted only occasionally. 

Methods of collecting specimens are much in need of stand- 
ardization. Many samples represent a considerable thickness 
of strata — from a few inches to a foot or more,— ^thin which 
more or less difference in conditions of deposition may occur. 
The resulting complexity in the sample greatly reduces the value 
of any mechanical analysis. 

Though already recognized, the fact is still worth pondering 
that the bulk of our knowledge of sedimentation has come more 
or less inductivdy from the study of sedimentary rocks, condi- 
tions of deposition being inferred from general prindples of phys- 
ics and chemistry. Studies of present-day agents, prcxesses, and 
kinds of deposits would furnish a much, better foundation, though 
admittedly such studies would not be complete, because the 
conditions of deposition of most strata, particularly as to areal 
extent and also in other respects, are not fully rq>resented any- 
where at present. 

■ Mimeographed report agned by M. I. (k>ir>MAN, D. P. Hswsn, G. S. Rogers, 
and E. W. Shaw. 

* Shaw, E. W., Sulphur in rocks and in riser waters. This Jogshai, 5; 484. igrs. 
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We sometimes fed that the general arrangement and distribu- 
tion of deposits on lalce and sea floors is fairly well known, yet 
the only detailed areal survey of any considerable portion of 
the sea floor — that made by Thoulet in the Gulf of Lyons — 
leads to a map that no physiographer or stratigrapher could 
have produced in advance. 

Accurate surveys of sdected areas of ocean and lake floor are 
greatly needed; areas not far off shore are of espedal interest 
because of their economic bearing and because here there is 
greatest variety in process and nature of deposit. Contributions 
of this sort have already been made by Kindle for certain of the 
Great Lakes and by Vaughan for waters off the coast of Florida. 
Inductive work along the same line has been done by many 
geologists, among the foremost of whom is that eminent geol- 
ogist of Lehigh and Yale whose loss we are now feding so keenly. 
Experimental work has been done by a few, the most noteworthy 
being perhaps that of Gilbert® and Engds.® 

Not only is there need of increase in the knowledge of sedi- 
ments but there is need of dissemination of the knowledge here- 
tofore gained. Some of the discoveries already made are not 
serving as they m^ht. It has been diown that corals contribute 
little to accumulation of sediments and yet some still speak of 
coral islands and coral limestone in a way that indicates a mis- 
conception. We speak of elastic, diemical, and organic depos- 
its, forgetting that limestones are generally dastic: are com- 
posed of fragments, now more or less extensivdy recrystaUized, 
that were transported on the average thousands if not tens of 
thousands of feet. We interpret a great many sand lenses as 
fosffll beaches, forgetting that diore deposits are as a rule ^he- 
meral. 

Although the study of sediments has lagged bdiind other 
branches of geology, real progress has been made in a number of 
problems. It is worthy of note that most of this progress has been 
made by men engaged primarily in other lines of sdence, by me n 

i GttBSttt, G. E. The transportation of de&ru by rurming water. U. S. Getd. Sur- 
vey, Prof. Paper 86. 1914. 

* Bngbes, H. MnssStrecken mit bew^icker Sohle. Zelts. fOr Bauwesen. 1905. 
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who have either made valuable observations in connection with 
other work or who have dropped their other work for a time while 
they undertook a special study of sediments. 

Especially noteworthy advances in the study of present-day 
sediments have been made during the last decade or two. Mur- 
ray and others have collected much information concerning the 
great ocean deeps. Thoulet gave us a detailed map showing 
the areal distribution of sediment over a portion of the sea floor. 
Engels experimenting with an artificial stream analyzed pro- 
cesses of alluviation. Gilbert deduced, from a series of experi- 
ments, certain fundamental laws concerning fluviatile transporta- 
tion of sand and gravel. 

Barrel! gave us a philosophical discussion of the conditions 
and processes involved in the accumulation of littoral deposits. 
Kindle has observed and recorded diagnostic features of various 
kinds of deposits. Udden has presented the results of many 
years of study of the mechanical constitution and peculiarities 
of the main classes of sediments. Goldman has given us the 
results of his investigations of sources of certain sediments and 
the diagenesis of others. 

Recently T. W. Vaughan has put into operation a plan for 
coordinating the energies of those principally interested in sed- 
iments, and in response to his request they have submitted 
memoranda which have been transmitted to the National Re- 
search Council. The main feeling behind the movement is ex- 
pressed in Vaughan’s memorandum in the following words: 
“As the factors entering into both the origin and depoation of 
sediments are so diverse and so widely distributed it is imprac- 
ticable for any one man, any small group of men, or any organiza- 
tion whose activities are really limited to cover the fidd.” 

Some quotations from the replies will be of interest. Barrell, 
obvioudy impelled mainly by his interest in earth history, says 
by way of introduction to his “Project for a study of sedimenta^ 
Hon,” dated January, 1919: 

“If the interpretation of the climatic and physiographic his- 
tory of the earth, as based on the nature of the sedimentary 
rocks, is to progress along lines now opened up, it is neces- 



520 


SHAW: SSDIMBNTATION 


sary that comprehensive systematic studies of modem sed- 
imentation be undertaken from this interpretative standpoint. 
Such men as Lyell and De la Beche made a good beginning, but 
lie present problems of earth history were beyond their horizon, 
and the older studies of sedimentation were, furthermore, gen- 
eral in character and descriptive of the thing in itself rather than 
of its significance. The idea of the necessity for criteria for the 
discrimination of various climatic and physiographic controls in 
the making of ancient sediments was until recently a point of 
view not conceived.” 

Blackwdder says that because of his interest in the earth’s 
physical history and his experience with sedimentary rocks he 
has been “especially impressed with the advantages to be gained 
from painstaking study of the consolidated formations” and in 
particular their lateral variations. He suggests “the exhaustive 
study of individual types or type groups of sediments in both 
modem and lithified state.” 

Kindle is especially interested in lake and sea bottom deposits, 
in ripple marks, in migration of shores and transportation of 
littoral deposits, etc. Steiger and Wells present an outline of 
needed and practicable chemical and physico-chemical work. 
Others have contributed valuable suggestions. 

SUMMARY 

Although to progress in the imderstanding of sediments is 
somewhat difficult the need is real. Much can be accomplished 
through coordinatian, through getting geologists of all lines to 
give some attention to the subject, and through carefully con- 
adered and well executed special plans. Apparently the trend of 
thou^t at the present time is in harmony with the needs. Some 
assistance has already been rendered and more is planned by 
^dalists in other lines. Physicists, chemists, biologists, and 
others are ready to study marine depoation, the bottom loads 
of rivers, cementation, dolomitization, problems connected with 
the origin and accumulation of petroleum, and the geophyacs 
and geochemistry of the great sedimentary basins. Physiog- 
raphers and dimatologists will make their contributions. 
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It is hoped that a sediment laboratory may be equipped and 
operated in the Geological Survey. In this laboratory many 
kinds of petrologic investigation should be carried on. Mechan- 
ical analyses of specimens of various present-day and ancient 
deposits and studies of mineralogy, porosity, specific gravity, 
and shape of grain will be undertaken. It is hoped also that a 
useful collection of sediments and sedimentary rodcs may be 
built up, as was planned by Hayes, Lindgren and others. The 
work should be pushed without extravagance but with vigor. 

What contributions we may expect from field work on sedi- 
ments now in process of accumulation is not definitely known, 
but no doubt studies will be made of certain such deposits. In 
the Florida Keys, for example, this may involve continued re- 
search on the composition of sea water and the questions of 
whether or not this water is saturated with carbonate of lime 
and whether cementation of the shell and other fragments may 
take place below sea level. 

During the last decade there has, I believe, been some increase 
of interest in the study of sediments. Although during the war 
investigations were checked, there is at the present time, I hope, 
and am inclined to believe, an increasing interest in the science 
and a tendency toward cooperation which will lead to fruitful 
investigations. 

ANTHROPOLOGY . — Some general notes on the Fox Indians. 
Part II: Phonetics, folklore and mythology.^ Truman 
Michblson, Bureau of American Ethnology, 

FOX PHONETICS 

I have elsewhere* briefly discussed the chief differences between 
Jones’ scheme of Fox phonetics and my own. There are a few 
points that should be taken up here. The most important one 
is that before an initial consonant of a following word a terminal 
voicdess aspirated vowel of the preceding word becomes full- 
sounding and loses its aspiration. As terminal voiceless aspirated 
vowds are normally lost before initial vowds and diphthongs, 

^ Published with the permission of the Secretary of the Smithsonian Institution. 

* Intemat Joum. Amer. Ling, i: 54* 
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it will be seen that they are strictly only proper when a break 
in sense occurs. Unfortunately it was not possible to teadi 
informants to dictate the words this way. It depended on the 
length of words as to whether I could take more than one at a 
time; and in this way the resulting texts contain mixed sentence- 
phonetics. The choice therefore remains of printing texts with 
these inconsistencies or making the phonetics uniform. It 
seems correct to do the latter so far as sentence-phonetics are 
concerned. In this normalization I have chosen the full-sound- 
ing te r m in al vowels before initial consonants, save where the 
sense indicates a pause; before initial vowels and diphthongs 
terminal voiceless aspirated vowels are eliminated. In this 
matter I have been guided not only by the fact that in this way 
a truer picture of the language is presented, but also because 
in so doing complicated symbols are avoided: thus -w”*' is 
eli min ated in favor of -«tA and -m, and so on. The elimination 
of terminal voiceless aspirated vowels before initial vowels and 
diphthongs is to a certain extent at least a question of tempo; 
in actual Fox speech I have heard them even as full-sounding 
in this position. The texts accordingly rqiresent allegro tempo. 
Fven final fuU-sounding vowds axe aspirated before an initial 
sibilant. Another point may properly be brought up. Within 
verbal complexes the elision of final i of one morphological 
element before another such element beginning with a vowel or 
diphthong, especially in “loose composition,” is to a certain ex- 
tent a matter of allegro or lento tempo. I have followed the 
usage of the redter of the texts. It may be noted that in the 
current syllabary the Foxes are not consistent in writing or 
omitting such a vowel; yet in “loose composition” the vowd 
is written for the most part, and elided in intimate compounds. 
It diould be remarked that the Meskwakis themsdves in 
such cases very frequently separate the dements by periods. 
The prindpal word accent is indicated by the acute (0- Fol- 
lowing the recommendations of the committee of the Ani«>ripati 
Anthri^ological Assodation® I have employed the symbols and 
•Phonelic tianseripHon 0 / Indian Languages, Smiths. CoU. 66, No. 6: i. 
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general scheme of Dr. Jones in the matter of things phonetic 
save where in my judgment they are inadequate. 

The following table will show the phonetic dements of Fox 
as I conceive them: — 

Vowels and diphthong 

Full-sounding: 

a A e i 0 u 
d d a e id* 

(e never occurs save terminally as a rhetorical 1 «»tigtbPTn‘tig of 
e or i, and thea has an i-vanish; 0 when a terminal rhetorical 
lengthening similarly has a tt-vanish; d is found only after w). 
ai (only before y), 
an (only in the exclamation 'au'). 

Voiceless and aspirated (terminally only) : 

A* fl* e* i* o* 


Consonants 


Glottal 

Stops 

< 

Spirants 

Affricatives 

Nasals 

Semi-vowels 

Palatal 

Alveolar 

h'kg^ 

c 'c 

tc 'u ^tc 



Dental 

t'td 

S '$ 




Labial 

p'ph 



tn”* 



The sibilants 5 and c occur only initially; otherwise they 
are rq)laced by 's and 'c, respectivdy. The spirant * after baxi 
vowds is nearly intermediate in effect between a surd vdar 
spirant and our h; after front vowds the effect is more palatal. 
It always occurs before initial vowds and ai. The stops g d b 
axe articulated with greater strength than in English; they never 
occur initially; before terminally voicdess vowels g becomes g*; 
d and b (both of which are rare, especially the former) do not 
occur in final syllables. Voicdess " « » " are phonetic modifi- 
cations of n m yw, respectivdy, before terminal voicdess vowds. 
The affricative ‘‘tc occurs initially and medially save in final 
syllables; "^tc occurs mostly in final syllables, though also in 
medial ones. It may be noted that *fe 'i 'p 'tc are given as a 
series, because (outside of verbal compound after *d-, nS-, fei-, 
wi- where they are transformations oik t p tc) they correspond 
in Cree to a sibilant followed hjkt pic. It may be added that 

^ a e « tt are open; 3 ^ are close. 
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'p 't and 'tc never occur in terminal syllables nor initially. The 
surd k t p tc aie unaspirated; k p tc never occur in terminal 
syllables. 

To forestall hasty criticism it should be said that the differ- 
ences in the quantity and quality of the vowels in such words 
as 'i'w''' “he said," “then he said;” “chief,” 

'utdgimanvwawAii *' “their chief;” pemipa'o'”"^' “he runs by," 
pemipa''owKg’-'' “they run by," nepemipa''‘‘' “I run by,” 
'a'pemi'pa'u^tc" “when he ran by;” “man,” ne'niwAn'**' 

(obviative of the same), mniwA'g**' “men;” ua'sAWAgi'T' “I 
had difficulty with it,” sAnAge'sV"'^' “he is incorrigible” are true 
phonetic processes and are not merely due to mishearings.’ I 
have had abundant opportunity to test these again and again 
to be sture that there was no error in apperception; and Mr. 
J. P. Harring^ton (of the Bureau of American Ethnology) also 
agrees that these differences are truly phonetic and not merely 
auditory. The phonetic laws governing these shifts have not 
been determined, but it is clear that the position of the accent 
and the nature of the adjacent sounds are in a large measure 
responsible for the phenomena. The influence of the last are 
responsible for the different results seen in the contractions'’ in 
nekVcPta'^'^' “he made it for me,” kekVci'td'n “I made it 
for thee” as compared with kekVci'ta'wipen'" “you made it 
for us,” kl'ci'tawa'""^' “ he made it for him.” It is in the 
belief that some time it may be possible to enunciate phonetic 
shifts with accuracy that certain apparent fluctuations have 
been allowed to stand. Thus for example the I act that d never 
occurs except after w, and never in penultimate syllables sug- 
gests that it is a modification of d due to the influence of tlie 
neighboring sounds, including following ones. The fact that a never 
occurs in penultimate syllables though both d and a do,’' tends 
to show a phonetic shift or shifts have taken place. Hence it 
is well to be conservative in holding that cases where a and a 


* This will be shown iu a future number of the Intermit tonal Journal of Amcri<un 
Linguistics 

• See this Journai,, 9: ^33 

7 Neither does it occur before \ % V* Where Jones records a m such 

cases I hear a Similarly I hear a for a, and a* for «. 



apparently interchange medially are merely mishearings. The 
limitations of the positions of certain consonants (see above) 
likely enough arc in part due to phonetic shifts; some are cer- 
tainly due to these. The evidence of cognate dialects favors 
the view, but this is not the proper place to discuss this aspect 
in detail. In conclusion it may be noted that ck, ‘ck are the 
only true consonantal clusters in the language. The cluster st 
is found in English loan-word “stockings.”** Ac- 

cording to William Jones ilc occurs in an exclamation. 

POX FOlyiaORR AND MYTUOLOGY 

The time for a final discussion of Fox folklore and mythology 
is hardly ripe. For comparative purposes the data arc too 
meager. We are practically without any Sauk material, the 
Kickapoo published (Jones) and unpublished (Michelson) col- 
lections are inadequate; the published Potawatomi material is 
negligible, and that unpublished (Skinner, Michelson) is prob- 
ably insuffieient ; the unpublished’ material of Peoria folklore 
and mythology (Gatschet, Michelson) is adequate, the published 
Cree, Algoukin, iuid Ottawa colh'ctions are deficient; the pub- 
lished Menominee material is adwiuatc; tlie published and un- 
published (Jones) material of Ojibwa folklore and mythology is 
extremely extensive; and so i,s that of Fox, ef^cdally the un- 
published portion (Michelson). vSo that even a comparative 
study of Uie folklore and myUiology of only Central Algonkins 
would be very one-sided. When the inadequate published data 
from such Siouan tribes as tlie Iowa, Winnebago, and Osage are 
taken into account, it will be seen tliat a tnily comprehensive 
study of h'ox folklore and mytliology is, for the present, quite 
out of the <iHeslion. Happily tliere is plenty of unpublished 
Winnebago material (Radiu), and pos.sibly Iowa (Skinner), so 
that in tlie tiear future conditions may be distinctly improved. 
At the present time the only adeejuate collections of ^Siouan 
folklore and mythology arc from the Assiniboine, Crow, and 
Outaha; the published material of tlie Sioux proper is insufficient. 

* Also In tt couple or oUiw loau-words. 

» ,H«* now MiaiiUAON, Joum Amcr. Polfc-Ivonf 30 : 493~49S* 
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The late Professor Chamberlain^® undertook a brief com- 
parative study of the myth of the culture-hero among Central 
Algonquian tribes, but the Sauk and Pox material available at 
that time seems to have escaped liim; and it must be said in 
justice to him that it was not readily accessible. The paper by 
the late J. Owen Dorsey, should be read in connection with 
Professor Chamberlain’s article. Some years later Professor 
Dixon^® published a comparative study of the mythology of 
Central and Eastern Algonkins. As he was able to use the Pox 
collections of Jones, his paper is of importance to us. Unfor- 
tunately his sources are not given, nor are the mythologies of 
the plains Indians used in his study. Nevertheless this article 
is very useful as a stepping-stone. The essential points which 
Dixon seeks to establish as regards Pox folklore and mythology 
are: (i) Pox has one set of non-culture-hero incidents with 
Menominee, and another with Cree-Ojibwa; (2) Pox shares with 
Ojibwa but few such incidents in common with the Ea.stem 
group, though both, especially Ojibwa, have a number of such 
incidents with this group; (3) Pox has a number of elements 
which are typically Iroquoian; (4) Pox and Potawatomi form a 
special group among the Central Algonquian tribes. Additional 
material, published and unpublished, since 1909, shows that 
these theses will have to be somewhat modified. I liave gone 
over Barbeau’s Huron and Wyandot Mythology and find that 
with one possible exception Pox has not a single incident in 
common with Huron-Wyandot which is not shared with some 
other Central Algonquian tribe. And my unpublished Pota- 
watomi material, which, though inadequate, is far greater in 
extent than that published, tends to show that tlie fourth thesis 
is wrong. Pox folklore and mythology is treated but incidentally 
by Dr. Radin in his Literary aspects of North Amoru an myth- 
ology, but it should be stated that on page 8 he has confused 
the Pox and Menominee versions of tlie cycle of the dcatli of 
the culture-hero’s younger brother. The general subject of the 

Journ, Amer. Folklore 4: 193--213. 

Ibidem $; 293-304, *'Nmibo2hu in Siomn Mycology,** 

** Ibidem 22: 1-9 [Jaii.-March, 1909], 
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mythology and folk tales of North American Indians is treated 
by Boas.’® 

I have spoken above of my unpublished collection of Box 
folklore and mythology. This consists of several thousand 
manuscript pages writtai out by Indians themselves. It should 
be mentioned that even tlie stories previously published by 
Jones have an entirely distinct literary style in this collection. 
I presume this is due to tlie difference in the method of collect- 
ing the material. However, it must not be assumed that all 
my Box myths and talcs are of a single style. Indeed, on the 
basis of style alone it would be possible to refer many to their 
respective authors. Bor example, informant A is extremely pro- 
lix, and fond of detail; informant B is brief, but lugs in the roffing- 
skull episode on every posssible occasion; informant A is a skillful 
naiTator and tlic talc runs along smoothly -and with artistic 
effect; informant C is unusually awkward; though his tale may 
contain every incident in tlie corresponding story of informant 
A, nevertheless there are distinct breaks in the narrative, and so 
his talc could not be printed without patcliing up tlicsc portions, 
however valuable it might be for linguistic purposes or for a 
control of the myths and talcs of others. A question I hope to 
take up at a future date is the dioice of words and phrases among 
different informants. 

As to the contents of tlie above collection. A large percent- 
age of the mytlis and tales in Jones' Box Texts has been dupli- 
cated; almost all of these occur with rather greater detail tlian 
in his c'ollection; numerous othcT myllis and tales, among them 
the Cosmic Myth, about 1,200 manuscript pages, of the type 
represented in lus collection naturally have also been collected : 
llu‘ distinguishing features of my collection are the more numer- 
ous animal tales; nuiuy stories clearly of iCurojjcan origin; origm- 
legends of genles; ritualistic origin-myths. I have previously 
Iiointed out some of Hie liuropcan cycles.” To these may be 
added u fox cycle of considerable length and another called 
“'I'iger;” and it nmy be noted that Cosmic Myth (the story of 
Mc'sA'kAmigO'kwilw*') has an enormous number of incidents 

Jonn>. AmtT. I^oiklon> 27: 374-4x0, 

Aim'i Anthroi) , n. aw. 15; fiw. 
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that are patently European. The Erench-Canadian cx>llections 
by Barbeau in the Journal of American Folklore make it prob- 
able that Ca'kana'*' is not a corruption of Jacques le but rather 
of Jacquelin. Skinner’s statement’'’ that “the Central Algonkin 
as a whole have not absorbed much folklore that is Ettropean” 
is not justified by the facts of Eox or Peoria talcs I have made 
a brief study of Eox ritualistic origin myths.”* The essential 
point is that thus far this particular type of ritualistic origin 
myths is unique owing to the profusion of information con- 
tained in them. The value of these myths for strictly ethnolog- 
ical studies has also been emphasized. 

As said above, the time is not yet ripe for a final discussion 
of Eox folldore and mytliology. Nevertheless an opinion based 
on the present materials may be of some value. Disregarding 
the origin-legends of gentes and ritualistic origin-myths’^ for the 
lack of comparative material, it is clear that Eox folklore and 
mythology is composed of woodland, plains, and European 
elements The plains elements are firmly established by the 
distribution of the tales corresponding to the Eox story of how 
the culture-hero (Wi'SA'ka'A*) rolls himsdf downhill to catch 
turkeys, and the tale of his eating the artichoke ;con-cspondents 
to the former occur among the Skidi Pawnee, Caddo, Biloxi, 
Alibamu, and Ojibwa (ducks secondarily): to the latter among 
the Menominee, Eastern Dakota, Assiniboine, Crow, Pawnee, 
Skidi Pawnee, Ankara, and Wichita. The ocatrrence of cor- 
respondents to the Eox story of the beaver and culture-hero 
among tlie Peoria, Ponca, and Shoshoni also points to the plains 
as a center of distribution. If I have emphasized the oecnrrenei' 
of plains-dements in Eox folklore and mythology, it is because 
hitherto the stress has been on the woodland-elements, h'roni 
the materials available it would seem as if Kiekapoo folklore 
and mythology on the whole are closest to those of Eox, and 
that Ojibwa folklore and mythology are rather remotely con- 
nected therewith, 
w Joum Amer. Folklore 27: 100. 

^ This JotTRNAL 6: 209--211 1916 

The native term for such as refer to the festivals of the gentes is MganowC&U' 
(plural 

Compare Amer. Anthrop , n. ser. 15: 699. 
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GEOLOGY . — Oxidized zinc ores of Loadville, Colo. G. F. Loughlin. 
TJ. S. Geological Survey Bulletm No. 681. Pp. 91, pis. 8, figs. 7. 
19x8. 

Although depo.sits of oxidized zinc ores at Leadville, Colo., had been 
exposed in mine workings for many years previously, it was not tmtil 
1910 tliat their character and extent began to be realized. Since that 
year large qumititics have been mined annually. Bulletin G81 begins 
with ti review of early accounts of zinc carbonate and silicate and of 
the recent discovery of the ore liodics. It then describes in detail the 
oxidized zinc ore minerals and minerals as.sociatod witli them, the 
varieties of ore, their range in metal content, their distribution and 
extent, and their genesis. G. F. L. 

GEOLOGY.— 77 ic evaporation and concentration of waters associated 
with petroleum and natural gas. R. Van A. Mitts and R. C. 
Wkwa. U. S. Geological {Purvey Bulletin No. 693. Pp. 104, 
pis. 4, figs 5. 1919. 

The widely olwervcd association of saline waters with petroleum and 
natural gas is ascribed by the authors, at least in many cases, to deep- 
seated conamtration brought about by evaporation into moving and 
ex])aiKling gas. During this concentration there is a definite order of 
change in the relative proportions of tlic dissolved constituents in the 
waters. Carbon dioxi<le and other gases are lost from solution. Cal- 
cituu, magnesium, and iron separate from solution as carbonates, and, 
under favorable conditions, sodium chloride .separatas, — a procc.s.s illus- 
trated hi the "salting up" of gas wells. 

Tn discussing these changes the authors prasent evidence based on 
field studies os well as laboratory determinations, indudmg tlxe results 
of examinations of the rock specimens, analyses of the waters, the 
determination of tJic solubility of salt in solutions carrying calcium 
diloride, the vapor pressure of wat^ in illuminating gas, and a rdsmnd 
of the initial gas pressures in sevaral gas fidds. Eb,borate compar- 
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Isons are also given between the deep-seated Appalachian brines, sea 
water, and surface waters, intended to show the probable diangcs that 
have taken place in the oil and gas field waters. Tn short, the com- 
plete history of the waters is sketched, as nearly as it is pn.ssible to do 
so, from the time of their inclusion in the sediments to the present. 
Effects likely to be caused by changes in temperature and pressure 
such as it is reasonable to suppose may have affected the strata are 
pointed out. 

Some practical applications of the principles and discussion are 
given. It is suggested that analyses of tlie waters in or near oil and 
gas fields may throw light not only on the location of the more valu- 
able fluids, but also on the probable reactions and precipitations that 
might ensue when the different waters are allowed to mix either in the 
wells or in tlie strata. Careful consideration .should also he given to 
the movements and rearrangements that the oil, gas, and water under- 
go incident to extraction. R. C. W. 

GEOLOGY. — Relations of Late Pcdcoaoic and Early Mesozoic forma- 
Holts of southwestern Montana and adjacetil parts of Wyoming'. 
D. Dale Condit. U. S. Geol. Smrvey Prof. Paper i2o-F. 1918. 
Pp. 111-121, pis. 5, fig. I. 

This paper presents evidence found in southwestern Montana con- 
cerning the great Jurassic base-levding and its bearing on tlie solution 
of certain stratigraphic problems involving late Paleozoic, Triassic, 
and Jura.ssic formations, and sets forth the relations of those formations 
to beds in western Wyoming. The condusions briefly .summarized 
arc as follows ; 

Prior to the encroachment of the sea from tlie northwest in late 
Jura.ssic time prolonged croision and basc-Ievdiug occurred over much 
of tlie Rocky Mountain region. Ihrom Idaho State line near Yellow- 
stone National Park northward to the viduity of Helena the erosion 
surface thus produced truncates beds of Triassic and Carboniferous 
age, tlirough a stratigrapliic range of about x,ooo feet. 

The Quadrant quartzite at tlie type locality in tlie northwesteni 
part of Ydlowstone Park is approximatdy equivalent to the Amsden 
and Tensleep formations in Wyoming. Tbie Park City (Pennsylvan- 
ian and Permian), Dinwoody (I/)wer Triassic), and Chugwater (largely 
Triassic) of the Wyoming section are in part represented by the Teton 
formation of Ydlowstone Park. The quartzitic cherty basal beds of 
the Teton, containing the phosphate rock, are equivalent to the Phos- 
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plioria formation of Idaho, which corresponds to Uie upper part of the 
Park City fonnalion. In wCvSlem Montana north of latitude 45® 30' 
the <)verlyini>: Tritissic shaly limestone and red shale were removed by 
the Jurassic erosion and the ElUs formation (Upper Jurassic) rests on 
Ihe partly eroded Phosphoria foniiation. R. W, Ston^. 

CiKOIy()(>Y.“ (Icology of northeastern Montana, Arthur J. CouuiBR. 
U. vS. Cieol. vSurvey Prof. Paper 120-B. Pp. 17-39, pls. 6, figs. 5. 
1918. 

Describe?) a large tliinly settled region in northeast Montana which 
is part of the Great Plains. The topography is discussed and forma- 
tions from Cambrian to Jurassic exposed in Tittle Rocky Mountains 
are described briefly. The Cretaceous, Tertiary, and Quaternary form- 
ations are described more fully, and the geologic structure is explained. 
Drainage diversion due to the invasion of ice during the glacial epoch 
fonns an interesting conclusion of the report. R. W. Ston®. 

(U{OI/K»Y. A (ontnhntion to flic gcoloe^y of northeastern Texas and 
soiiUwrn Oklahoma. TXyOYi) WiiJvIam STRPimNSON. U. S. Geol. 
vSurvey Prof. Paper 120-H. Pp 129-163, pis. 14. 1918. 

This paper sots forth the present state of knowledge in the areal 
mapping, in the interpretation of structure, and in correlation, and 
indicates certain inappable units and structural fcaturCvS that have not 
heretofore t)oen recognized in the region in central and nortlxeastem 
I'exas and southern Gklnhoma known as the Black and Grand prai- 
ries, I'ho (u*ea lies near the northwestern border of the Gulf Coastal 
Plain in norlheaslcni 'Pexas and southern Oklahoma, and is a dis- 
siHi(‘<l coaslal-plain uphuul ranging in altitude from about 530 feet 
in the sonllicast lo 850 feet in placCvS in the northwest. The drain- 
age ways of the area presemt many good examples of consequent, sub- 
setiuetd, obseciuent and perhaps other classes of streams. 

Tlu‘ arcji is undiTlaiu tliroughout its extent by strata of Cretaceous 
age, which rest upon a buried, moderately smoixth basement com- 
posed of ancient rocks. The lilted pcncplaincd surface of the base- 
ment rocks dips lo the south from the northern boundary at rates 
CvSlitnated to range in different places from 50 to 70 feet or more to the 
mile, and to the vsoutlicast from ihe western boundary at rates prob- 
ably ranging from 40 to 50 feet to the mile. 

The basement rocks are separated from llie overlying Cretaceous 
deposits by an unconformity representing a long interval of geologic 
time, including at least Uic Triassic and Jurassic periods and prob- 
ably u considerable part of the Ivower Cretaceous epoch. 
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Tlie Cretaceous deposits are divisible into two great series, a lower, 
the Comanche series, which appears at the stirfacc about the flanks 
of the Preston anticline in the northwcfstem part of the area and has 
an estimated tliickncss of 800 to i,tx)0 feet, and tin iipiier, the Gulf 
scries, wliich has an esthnated thickncvss of at least 3,<xx> feet and the 
outcrop of which covers considerably more than half the area. Each 
of these series is separable into subordinate divisions. The Gulf series 
is unconformably overlain by strata of Eocene age whicli appear at 
the soutlieast in a relatively small part of the area. In general the 
strike of the strata is parallel to tlic inner margin of the Coastal Wain, 
and the dip is coastward from this margin at rates ranging from 30 
feet or less to 80 feet or more to the mile. A considerable departure 
from the prevailing regularity in strike and <lip occurs in the north- 
western and central parts of the area, in connection with the Preston 
anticline. 

Tlie Cretaceous deposits consist of sand, shaly day, calcareous shaly 
day, limestone, and chalk. Pldstoccne alluvial terrace depo.sits largely 
conceal the Cretaceous formations in a broad area. 

R. W. Stonb. 

GEOLOGY . — Geology and ore deposits of the Yerington district, Nevada. 
Adolph Knopp. U. S. Geol. Surv^ Prof. Paper 114. Pp. 68, 
pis. 5, figs. 12. 1918. 

The Yerington district in western Nevada is, next to Ely, the most 
productive copper district in the State. Tlie oldest rocks of the dis- 
trict consist of andesites, keratophyres, and limestone, with .subor- 
dinate .shale, quartzite, and gypsum, all of Triassic age. They were 
intruded in post-Triassic time, probably early in the Cretaceous, by 
granodiorite, wliich was followed by quartz monzonitc. Thc.se intru- 
sions intensely metamorphosed the rixiks they invaded and converted 
large areas of tliem into lime-silicate rock.s. After this mctamorphisin 
tlie region was cut by numerous dikes of quartz monzonitc porphyry. 
Paulting then ensued, and along tlie faults ore-forming solutions 
rose and produced the copper deposits to which the district owes its 
economic importance. 

Tlie Tertiary rocks, resting with marked imconfonnity on Uie Meso- 
zoic group, are dbiefly volcanic and are at least 7,000 feet thick. They 
fall into tluree major groups which are separated by two well-marked 
unconformities. The lowest subdivision consists of quartz latite, 
rhyolite, and andesite breccia; and it is probably the correlative of tlie 
Eaneralda formation of Upper Miocene age. The middle subdi- 



abstracts: zoogsography 


533 


vision consists of andesite flows resting in places on the eroded edges 
of the rhyolites. The uppermost subdivision consists of subangular 
conslonicrale overlain by basalt. 

'nie principal ore bodies consist of pyrite and chalcopyrite in a gangue 
of pyroxene, garnet, and epidote. I'licy are replacement deposits 
of limestone developed along fault zones and are of tlie contact-meta- 
niorphie type. The primary ore is essentially unenriched by later 
sulphides. The average tenor of the ore mined has ranged from 2 . 75 
to 6 per cent of copper. A. K. 

ANTHROPOLOGY. — The Maya Indians of southern Yucatan and 
iiortkern British Honduras. 'PnoMAS W. F. Gann. Bull. Amer. 
lOthnol. 64. Pj). 146, pis. 28, text figs. 84. 1918. 

The Maya Indians will always lie noteworthy a.s those who attained 
the highest cultural development in Americ'a, or at least in North 
America. A study of the living representatives of tlrnt race or of 
their antuiuities is therefore doubly welcome and in the present bulle- 
tin we have Ixith; Part i being devoted to the “Customs, Ceremonies, 
and Mode of lAfe’’ of the mo<lem Maya and Part 2 to “Mound Ex- 
cavation in the Ea.stern Maya Area.” The former, covering 36 pages, 
considers the habitat, personal characteristics — including the material 
wiltun' -and the social characteristic!?— including religion; the latter 
contains a short description of the ancient inhabitants of the region as 
revealed by studies of the mounds and objects found in them, but the 
larger part of the section, and of the work itself, 84 pages, is devoted 
to the archeological remains themselves. J. R. Swanton. 

ZOOGEOGRAPHY. Life soiw invostigatiom in Wyotning. Mbrritt 
(.'ary. N. Amer. Fauna 42 : 1-95, pis. 15, figs. 17. 1918. 

'I'his bulletin eiulxxlies the results of many years’ exploration in Wy- 
oming by the author and other members of the Biologiatl Survey. 
The.se inv«‘stigations serve to emphasize the diversified character of the 
physi<»gfaphy of Wyoming. Its chief characteristics are its many 
mountain ranges, vast, ojx'n rolling plains, and deep-cut valleys due 
to the numerous streams. The climate of the State is mainly arid, 
the rdnfall from lo to 20 inches, with warm summers and cold win- 
ters. As a consequence of these physiographic conditions Hie life 
zones of the State show remarkable diversity. Of the seven trans- 
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continental life areas all but two occur in Wyoming; and their interre- 
lationships are, as would be expected, greatly complicated. These five 
zones with a few of their characteristic species arc as follows: 

The Upper Austral Zone (represented here by its western arid sub- 
division, the Upper Sonoran), which occupies most of the valleys and 
lower plains, is the home of the broad-leaved cottonwood, jutiiper, 
salt bush and yucca; of such mammals as Eidtamias minimus pictus, 
Citelli4s tridecemlineatus parvust Lepus calijomicus melanotis, and of 
such breeding birds as Zenaidura macroum margiuclUit Tyrannus 
vodferans, Passerina amocna, and Icteria virens longicauda. 

The Transition Zone, which embraces the high plains, the basal 
slopes of the mountains, and all the foot-hills except the highCvSt, and 
covers fully half the State, is characterized by yellow pine, narrow- 
leaved cottonwood, and sage brush; such mammals as Odocoikus vir- 
ginimus macrouruSy Sdurus hitdsomcus dakotends, Neotoma cinerea 
dfiereay and Lepus townsendi campanius; and such breeding birds as 
Centrocercus urophasianusy Cryptoglaux acadica accdica, Empidonax 
wrightiiy Cyanocephalus cyanocephaluSy and Hylodchla fusescats salt- 
dcola. 

The Canadian Zone, which covers the middle mountain slopes and the 
highest foot-hill ranges, is the boreal forest belt of spruce, fir, lodge- 
pole pine, and aspen; and is furthermore delimited by such mammals as 
Akes americanus shirasi, Glaucomys sahrinus bangsiy Phcnaconiys oro- 
philuSy Ewtomys gapperi gald, and Lepus americanus americanus; 
and such birds as Charitonetta arbeolay NuUallornis borealis, Melos piza 
Uncolnii lincohm, and Sitta canadensis. 

The Hudsonian Zone, which is a narrow belt covering the timber line 
region, is marked chiefly by the white-barked pine, dwarfed spruce and 
fir; together witli such mammals as Ovis canadensis canadensis, Jfu- 
tamias oreocctes, and Ochotona uinia; and such birds as Nucifraga colum^ 
biana and Pinicola cnucleator niontana. 

The Arctic- Alpine Zone, which occupies tlie mountain crests and the 
portion of the peaks above timberline, is a treelcvss area, the vegetation 
of which is limited to low bushes and other humble plants like Dryas 
octopetala and Poa arctica, and is the home of such breeding birds as 
Lagopus leucurus altipetens, LeucosHcte australiSy LeucosHcte atrata, 
and Anthus spinoletta rubescens. 

Under each of these zones detailed lists of mammals, breeding birds, 
and plants are given, and a further list showing the distribution of all 
the conspicuous trees and shrubs of Wyoming which are of importance 
in delineating the life zones is also added. 

Harry C. OnERnoi.sER. 



SCIENTIFIC NOTES AND NEWS 

MATTERS OR SCIENTIFIC INTEREvST IN CONGRESS^ 

Mr. Ficss has rc-introduccd his bill for a national university, which 
failed of final action in the Sixty-fifth Congress,^ The present bill 
is II. R. 9v353: **To create a national university at the seat of tlie 
Federal Government.” The institution, to be known as the “National 
University of the United vStates,” is to be governed by a board of trus- 
tees, consivsting of the U. vS. Commissioner of Education and twelve 
appointed members; the acts of the board are subject to approval by 
an advisory council, consisting of one representative (usually the presi- 
dent of the State University) from each State. No student is to be 
admitted unless he vshall have obtained the degree of master of science 
or master of arts from an institution of recognized standing. No 
academic degrees are to be conferred. An initial appropriation of 
$SOOiiK)o is provided. The bill was referred to the Committee on Edu- 
cation. 

A fact of interest to the scientific public is that the “Army reorganiza- 
tion bill” (S. 2715, Mr. WaDvSWORTii; and II. R. 8287, Mr. Kahn) 
makes no mention of the Chemical Warfare Service. In his letter 
acconipaiiving the bill, vSocretary of War Baker suggests that the 
Chemical Warfare Service be made a part of the Engineer Corps. The 
proposal to abolish the Service as a distinct unit, comparable with the 
Tank C'orps, is being vigorously oppovsed by the Council of the Amer- 
ican Chemical vSociety. 

Warnings issued by the Public Health vService in September that a 
recurrence of the 1918 pandemic of influenza was probable in the autumn 
moiilhs of 1919, stirred renewed interest in the various bills and resolu- 
tions providing for investigations of tliat disease, but no final action had 
been taken at the time of this report, although Mr. Harding's S. J. 
Res. ’76 wiis reportc‘d in the vSenate on October i. 

On Septeinbcr 3, Mr. McKEi.tAR introduced vS. 2920: “To enable 
Uie fk'cretary of Agriculture to carry out investigations of tlie causes 
and means of prevention of fires and dust explosions in industrial plants.” 
The l)ill ])rovidcs J|5i(k>,ooo for such investigations. Referred to the 
C\)iiimUtec on Agriailture and P'oreslry. 

A plan for private develo])ment, under hVderal concessions, of the 
platiumn resources of Alaska is coutaine<l in II. R, 8988: “To incor- 
porale the United >States Platinum Corporation and to aid in the de- 
velopment of the mineral resources of Alaska, and for other purposes,” 
intiodiKvd on vSeptember 3 by Mr. O'ConneMy (by request). The 
propos<‘d C'orporatiou would have a capital stock not to exceed $50,000,- 
<HH); would be exem])t from hVderal taxation; would be empowered to 
re(H‘ive c'oucessions and leases of govennnent-owned platinum sands 
in Alaska; would pay a royalty of one-eighth of its net products; and 
would furnish $100,000 for the maintenarn'C of five “U. S. Govern- 
ment C'omuussiotiers of Platinum and its Allied TndusMes,” whose 
<lulieH are not defined in the bill. Referred to the Committee on Pub- 
lic bands. 

• Prece<liiiK report: Tliis Journai, 9; 45/^. 1919. 

3 f^cc This JouRNAi, 8; 
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No action was taken on the invitation of tlie French Government* 
to send delegates to a meteorological conference in Paris on September 
30, and the United States was, therefore, not oITidally represented, 

NOTES 

The proposed American Meteorological vSociety, formal organiza- 
tion of which is suggested for action in connection with the next meet- 
ing of tlie American Association for the Advancement of Science, is 
expected to have a large Wasliington membership, drawn from tlie 
staff of the Weatlier Bureau and from among the meteorologists of the 
Army and Navy. It is suggested that the Monthly Weather Review 
be made the medium for publishing meteorological and climatological 
articles, while a monthly leaflet publislied by the Society would con- 
tain news, announcements, notes, and queries. 

Mr. B. B. Aedricii of the A.strophysical Observatory reports from the 
Smithsonian Station on Mt. Wilson, California, the sucojssfiil opera- 
tion of a new instrument for measuring tlie lass of heat of the earth to 
space at night. 

Prof. Aeprrd F. Barker, Professor of Textile Industries at the 
University of Leeds, England, visited Washington in September to 
study tlie work being done in the Division of Textiles of lie National 
Museum. 

Dr. C. Bonne and his wife, Mrs. C. Bonnb-Wepstbr, of Surinam 
(Dutcli Guiana), students of South American mosquitoes, are spending 
two months at the National Museum in the study of the mosquito 
collection. 

Mr. R. Y. FernER, formerly with the Bureau of Standards, has re- 
signed his position as assistant purchasing ofheer in the Emergency 
Fleet Corporation, where he had charge of Uie purchase of navigational 
outfits, and has opened an office in the Maryland Building, Wa.shington, 
for the supplying of technical information and service to manufacturers 
and others. 

Brig, Gen. Charees F. Lee, of the British Royal Air Force, who 
lectured before the Academy in Marcli, 1918, on "Aviation and the 
War,” was killed in an aeroplane accident in England on vSeptcmlier 2. 

Mr. Paue C. Standeey, of tlie Division of Plants, U. S. National 
Museum, has returned from a collecting trip through Glacier National 
Park, Montana. Data were seatred for a handlwok of Uie plants of 
the Park, to be issued by the National Park vScrvice for the use of tour- 
ists. About four thousand herbarium specimens were collected. 

> This JOUSNAE 45S- I919' 
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PHYSICS. — The spectral photoelectric sensitivity of molybdenite 
as a Junction oj the applied voltage. W. W. CoblBntz 
and H. Kahi^er, Bureau of Standards. 

In a previous investigation it was observed that the spectral 
photoelectric sensitivity of molybdenite is confined practically 
within three spectral bands, the maxima of which are separated 
by equal intervals, when plotted in terms of frequency instead 
of wave lengths. 

The present investigation was undertaken in order to test the 
validity of this frequency relation, using for the purpose a quartz 
prism wliich gave twice the dispersion formerly obtained with a 
fluorite prism. The sample of molybdenite was soldered to 
copper wire terminals, and operated in an evacuated chamber 
as in previous work. The photoelectric substance, the dry 
battery and tlie d’Arsonval galvanometer were connected in 
series. The deflection caused by the small dark current was 
overcome by rotating tlie suspension head of the galvanometer. 

The results obtained with this apparatus appear to verify 
the previous observations, indicating that the frequency max- 
ima of photoelectrical vSeusitivity are separated by equal intervals, 
which decrease with temperature; the arbitrary wave-number 
being » = 40 at 25 ®C. and n * 30 at -i75'’C. 

A new voltage phenomenon. — A photo-negative action (re- 
sistance increase) has been observed in certain samples of sele- 
nium,* when exposed to the total radiation from an incandescent 
‘ Ribs, Phys. Zeits. 9; 569. 1908. Brown, Phys. Rev. 33; i. 1911. 
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lamp. A similar spectral photo-negative response was observed 
ill some samples of stibnite,* when exposed to radiations of wave- 
lengths less than X = 0.657 a* But heretofore no one appears 
to have observed that, for wave-lengths less than about 0.65 n, 
the nature of the photoelectric response depends upon the voltage 
applied to the substance under test. 

We have found in some samples of molybdenite that, for the 
visible spectrum extending to about \ = 0.647 Mi the electric 
response is photo-positive or photo-negative, depending upon 
the voltage applied to the terminals of the receiver. For wave- 
lengths greater than X = 0.647 M the photoelectric response was 
observed to be photo-positive whatever the applied voltage. 

The region of transition in the spectrum, in which the action 
changes from photo-negative to photo-positive, is very narrow 
— ^less than 9 AU. 

The critical voltage is very small, as may be inferred from the 
fact that an increase of 1.3 volts (additional dry cdl) changed a 
positive-negative galvanometer deflection of =*= i cm. into a 
purely negative deflection of — 24 to — 26 cm , which is the 
photo-negative response under discussion 

There seem to be two contending forces acting. The one which 
causes the photo-positive response acts quickly and prevails on 
low voltage. The photo-negative action builds up more slowly 
and is predominant on high voltages. As a result of tlicse two 
forces, for certain applied voltages, on exposing the molybdenite 
receiver to light of wave-lengths less than 0.647 /*, the galvanom- 
eter deflection is first positive, then decreases in value (luid 
may even become negative) when, on shutting off the light 
stimulus, tliere is a further deflection in the negative direction, 
after which the deflection returns to tlic original zero .scale read- 
ing. 

Tor example, using the wave-length X =* 0.5876 /x as a light 
stimulus, and applying a potential of 10 volts, the galvanometer 
deflection was almost entirely positive. On 20 volts the de- 
flection was partly positive and partly negative. On 29 volts 
the positive response was almost eliminated, and the negative 

* EivUOT, Phys. Rev 5: 62. 1915. 
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response prevailed. On 33 volts the galvanometer deflection 
was entirely negative and eight times as large as the obser\"ed 
maximum purely positive deflection for 10 volts. In another 
test, at a slightly lower temperature ( — 104 °C.), which raises 
tlic critical voltage, changing from 35.6 volts to 37 volts trans- 
formed the positive-negative deflection of 5 mm. into a nega- 
tive deflection of — 230 mm. 

These tests were carried out at — ioo°C. to — i78®C. It 
is of interest to note that the photo-positive action is the same as 
a resistance decrease caused by a rise in temperature of the 
material, while the photo-negative action is similar to the build- 
ing up of a counter-electromotive force (the electrolytic action), 
previously obsciwed in silver sulfide. An equal-energy spectrum 
was used for the radiation stimulus and if this phenomenon 
were the result of heating and of clectrol3rtic action, then the 
photo-i^ositivc response should occur in the short wave-lengths 
where the al>sorption is greatest, and the photo-negative re- 
sponse should occur in the long wave-lengths where the photo- 
electric activity is the greatest. This is just the reverse of what 
has been observed. 

No explanation of this phenomenon is attempted at this 
time. Even if it is ‘*only a gas effect,” ‘'electrolytic action” 
or “surface charge,” it is unique in being selective as to the wave- 
length of the exciting radiation and in being photo-positive or 
photo-negative, depending upon the applied voltage. It there- 
fore re(|uiros further investigation. 

CUJOCHICMISTRY. The oxidation oj lava by steam. J. 
H. I^'iORGiJSON, ('ieophysical laboratory, Carnegie Insti- 
tution of Washington. 

Crystals of olivine and otlier iron-bearing minerals are found 
associated with glass in the normal Kilauean lava, and some 
years ago the question arose as to whetlier their presence might 
be taken as evidence bearing upon the probable water content 
of the volcanic exhalations. Preliminary experiments^ made 

» Day, a. Iv , and sSuiOTtWRO, E vS , Water atui volcanic activity. Bull Oeol. Soc. 
AmcT. 24: 602. 1913. vSmitlisouwm Report for 1913, (Publicatiou 2286). 
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at that time by the writer indicated that the lava was not ap- 
preciably attacked by water vapor at temperatures in the neigh- 
borhood or iooo°C. and that the presence in the lava of so much 
iron in the ferrous condition was not at variance with the water 
content of tlie emanations observed by Day and Shepherd.® 
These experimental results, obtained in 1912 and 1913, are now 
presented as a matter of record. 

Most of the writers who have speculated upon the r 61 e that 
water plays in the chemical reactions which take place in the 
volcanic vent during an eruption have based much of their 
speculation upon the equation* 

sFcO -1- H2O FeaO* -H Hs -1- 15400 cal. 

This equation must not be taken too literally, because recent 
investigations* have indicated that the action of steam upon a 
ferrous iron oxide at high temperatures gives rise to a “mag- 
netite” of variable composition. The actual composition ob- 
tained is dependent upon the temperature.*’ 

An anal3rsis of a fresh flow of Kilauean lava® shows 9.28 per 
cent FeO and 1.92 per cent Fe203. The ratio of ferrous to ferric 
iron in this rock is much greater than the ratio in magnetite 
(1:2) and, were we dealing with tlie pure iron oxides only, 
this fact might be used as an argument against the pre.sence of 
a preponderance of water vapor in the gas phase. The lava, 
however, does not contain ferrous oxide as a separate phase. 
The ferrous iron exists mainly in the silicate minerals and the 
glass, together with a little in the traces of magnetite which are 
proliably present, although microscopic examination docs not 
show appreciable amounts of FesO^. The equations which would 

s Day and vSni5Pni$RD, hoc. cit. sSiwpkickd, IC. S., Bull. Hnwuiian Volcano Obs. 
7 (July). 

® CiiAMBiiRUN, R. T., Canicgio Publication No. 106: 66. 1903. K. A. 

Daly, Ifineous rocks and their p. 272. 1014. Von Vulkunimus, 

I, p. 116. 1914. 

* HaPURT, S., and Bi^ybr, J., Ber. dcutsch. Chem. (Vs. 44; r6i8. 1911. 

* The whole problem of the various oxides of iron is an exceedingly dinieull oiu* 
to stuily experimentally and mucdhi yet remains to lie done before the probloai can 
be considered satisfactorily solved. 

« Fi$rguson, J. B., Am. Jourti. Sci. 37: 400. Analysis B. 1914. 
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represent the reaction between water and the ferrous iron in the 
silicates might be quite different in character from the equation 
given for the pure oxides, and an assumption of analogous be- 
havior in these cases appears to be a somewhat risky matter.^ 
Indeed, Thadd6ef’s'’ results upon the oxidation of olivine by 
ignition in air indicate that the oxides are much more easily 
oxidized tlian is the ferrous iron of the olivine. He found that 
only two-thirds of the iron present in this silicate could be oxi- 
dized by such ignition, whereas it is common knowledge that 
ferrous oxide would be readily changed to ferric oxide under 
similar treatment.® 

My results qualitatively confirm the observations of Thad- 
dc'ef in tliis respect and were carried out as follows: 

Malcn<ils.---A piece of lava from the crater floor of Kilauea 
was crushed in a hardened steel mortar and the part that passed 
the twenty but not the forty mesh sieve (0.38-0.86 mm.) and 
also the part that passed the two himdrcd mesh sieve (less than 
0.074 nun.) were used. 

The nitrogen was made from sodium nitrite, or by removal 
of oxygen from air by copper, and was passed through the usual 
purifying and drying train. 

ApparaUis and procedure. -The furnace was a platinum- 
wound resistance furnace of tlie type usually employed in this 
laboratory. The temperatures were determined by means of a 
platiinmi-platinrhodium tliermoclcment and a suitable potentiom- 
eter 8(*t-iip. A long porcelain tube was placed in the furnace 
•so that it projected twenty or thirty cm. out of the furnace at 
one end and five or six cm. at the other, 'llxe charge was placed 
in a platinum boat in the porcelain tube, and the boat had at- 
tuelu'd to it a stiff platinum wire which enabled one to insert the 
boat into the hot portion ot the tube or to withdraw it into the 
colder portion at will. 

f vSut*h mi iissiuuptioii iippours to have l>een made by Brun, wlio staU‘S ttiat water 
vai>t)r <liri*otly oxidizes the ferrous silicate to magnetite. His statement is not con- 
lirmtxl by analysers of the solid products after reaction with water, but rests on the 
chauge in color of th(‘ rock and the presence of hydrogcti, together with CO and CO>, 
in the gases evolved. Arch. sci. phy«. nat. 41: 404. 

“ THAimfmF, K. 55., Kryst. 26: 77. 

• vSosMAN, B., and J. C., Joum, Amor. Chem. Soc. 38: 820, 19x6. 
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For the steam experiments the steam-generating apparatus 
was attached to that end of the porcelain tube which projected 
5-6 cm. from the furnace. This apparatus consisted of a boiler 
and pre-heater. The latter also acted as a trap for liciuid water. 
Tlie boiler had two valves so that the water in it could be boiled 
for some time to expel all oxygen before an experiment was 
started. The rest of the apparatus was so arranged that it 
could be initially swept out with pure nitrogen and then, after the 
steam had been shut oflf at the close of an experiment, could be 
again filled with nitrogen. The water that condensed in the cold 
portion of the porcelain tube was wiped out before the boat was 
withdrawn. During the wiping-out process and the cooling of 
the diarge an atmosphere of pure nitrogen was maintained. 

Typical experiment . — ^Five grams of lava powder were placed 
in the platimun boat and the boat placed in the cold end of the 
porcelain tube. Nitrogen was then admitted to the apparatus 
and all the air swept out. The boat was then pushed into the 
hot portion of the porcelain tube. The nitrogen was partly 
shut off and steam admitted. When a good flow of steam was 
obtained through the furnace the nitrogen was entirely shut off. 
The porcelain tube was so tilted that the water condensing in 
the colder portion of the tube, after passing the hot zone, would 
drain away from the furnace. After the experiment had run for 
the desired time the steam was gradually replaced by nitrogen. 
The liquid water in the end of the porcelain tube was wiped out 
(a good flow of nitrogen prevented the access of air during this 
operation) and then the boat was withdrawn to the cold portion of 
the tube and, when cold, removed. A part of the Charge was ana- 
lyzed for ferrous iron by the mo(fified Pratt method as used by 
Washington.^® Calcium phosphate as recommended by Gage 
was used to aid in the determination of the end points in the 
permanganate titration. “ It ^ould be noted that if any of the 
reducing gases present in the rock dissolved when the rock 
sample was brought into solution, they would be titrated and 
would appear as ferrous iron. 

WASHiNGtoN, H. S., The chemical analysis of rocks, 2d Ed,, p. 136-138. rpio; 
3d Ed., p. 186-190. 1919* 

“ Jottm. Amer. Chem. Soc. 31; 381-385. 1909. 
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TABL 35 X 

Results of Experiments with a Kilauean Lava in Contact with Nitrogen 

AND Steam 


No 


Xnitiul 

FeO 

content 


Final 

FeO 


content 


Cias 

cniploy(‘d 


Time of 
exposure 
liours 


Fineness 

of 

powder. 
Meshes 
per inch 


Percent- 
Temp. use de- 
« C. crease 
in FeO 


Remarks 


I 8.69 

8.69 

' 7-93 

nitrogen 1 

8.71 

2 8 .69 1 

8.69 

\ 7.90 

nitrogen i 

8.71 

3 8.69 1 

8.69 

1 

^ 8.2s 

nitrogen i 

8.71 

4 8,69 1 

8.69 

1 

> 8.16 

nitrogen 2 

8.71 J 

5 8.69] 

8.69 

1 

■ 7.91 

and steam (steam) 

nitrogen 2 

8.71 

6 8 .69 

8 69 

7-98 

and steam (steam) 

nitrogen 2 

8,71 1 
7 8.69 1 

8,69 

. 7.91 

and steam (steam) 

nitrogen 2 

8.71 

8 8.69^ 

8.69 

► 8.31 

and steam (steam) 

nitrogen 1 

8.71 

9 8.69^ 

8.69 

■ 8.37 

and steam (steam) 

nitrogen i 

8.71 
10 0 - 3 ^ 

7.84 1 

. 1 Vo 

nitrogen 

1 1 9 

7.80/ 

8.t8 

nitrogen V4 

t / 9 3-2 

8.of» 

nitrogen i 

9 

7.80 

nitrogen i 

r 4 9 3 -* 

7.87 

nitrogen 

*5 9 . 3 -i 

7 * 93 ^ 

1 nitrogen 1 

16 9 

7.93* ^ 
7.95 

\ nitrogen r 

»7 9 . 3 -* 

8.37 

8.26 

1 and steam (steam) 
nitrogen '/« 

18 9.33 

7.95 

0 . X mm* 

pressure 
nitrogen ^/» 


o.i mm. 
pressure 


20-40 tooo 

8.8 

20-40 1000 

9.2 

20-40 1000 

5.2 

20-40 1000 

6.2 


20-40 1000 

9.1 

20-40 1000 

8.3 


20-40 

TOOO 

9.1 

20-40 

xxoo 

4.5 


20-40 IIOO 

3 8 


200 

ZOOO 

16. X 

Air pumped out of 
charge and re- 

200 

1000 

X 2.2 

placed by nitrogen 

200 

XOOO 

13 .5 

before charge in- 

200 

XOOO 

16.3 

serted into hot 

200 

1000 

IS .6 

part of tube 

200 

XOOO 

14.9 
IS .0 


200 

rooo 

12 .5 


200 

XOOO 

II . 4 ' 

Time for experi- 
ments 2 hrs., in- 
► eluding heating 

200 

XOOO 

14*7 

and cooling 


Top of charge* 


^ Bottom of charge* 
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The results obtained in the experiments at atmospheric pres- 
sure and at a low pressure of nitrogen are given in table i. 

In addition, the results of two miscellaneous experiments are 
given below. 

(19) Some of the lava powder was heated in a platinum crucible 
in air over a Mdcer burner for two hours. The ferrous iron 
content was then found to be 1.94 per cent. 

(20) Some of the oxidized product obtained in experiment 
(19) was heated in a partial vacuum (o.i mm. of nitrogen) for 
4 hours at iioo°C. The ferrous iron value was then found to 
have been raised from 1.94 to 3.90 per cent. A duplicate analy- 
sis gave 3.87 per cent. 

Discussion . — ^The results given in table i show that after 
heating there is a decrease in the ferrous iron content of the rock 
amounting, in terms of the ferrous iron originally present, to 
4-9 per cent for the coarse powder and 11-16 per cent for the 
fine powder. The variations within each group are not trace- 
able in any way to the gas phase present. In fact the steam 
appears to have acted like an inert gas.^^ 

Just what is the complete cause of the decrease noted is some- 
what of a question. A certain apparent decrease in the ferrous 
iron content might be expected from the loss of the reducing 
gases whidi are liberated upon heating the lava, and some de- 
crease might also arise from the taking up of some iron by the 
platintun boat.^^ An actual decrease would occur if part of the 
ferrous iron were oxidized by adsorbed gases. These effects, 
would, however, be expected to be small. 

The decrease in ferrous iron must therefore be ascribed mainly 
to some reaction within the lava sample itself. The magnetite 
which formed when the lava crystallized** was probably the last 

» It cannot be argued tliat the gas reacted only with the sorface matcrtal and 
did not penetrate the charge, for experiment (15) shows that samples from the IxtUom 
and top of the dharge contain exactly the some amount of ferrous iron. ALso it can 
hardly be argued that there was a surface attack upon the lava grains since tlie re- 
sults with both fine and coarse materials show the same independence of the gas 
phase, and the same final ferrous iron content. 

“SosMAN, R. B., and HosmsnBR, J. C., This Jotonai,. g; 293. 1915. 

After an experiment the material was found completely crystallized, although 
originally containing much glass. 
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material to dissolve during the decomposition of the sample 
with hydrofluoric and sulphuric acids, and if the formation of this 
mineral were at the expense of the oxygen in the remainder of 
the lava, the analytical results would probably not indicate this 
but would rather show merely less ferrous iron. The mechanism 
of such a reaction within the lava with the formation of magnetite 
can only be speculated upon. Sosman’’ has suggested the possi- 
bility of the presence of iron (Pe) in solution in the glass or min- 
erals after this reaction. Another possible reaction would be 
the formation of a lower oxide of titanium than the TiOs usually 
reported. 

The fact that both the fine and coarse material, although 
of slightly different initial ferrous iron content, contain prac- 
tically tlic same percentages after treatment is probably trace- 
able to tlie larger percentage of glass and smaller percentage of 
PctOi in the fine material. 

Wliatcver the cause of the small decrease in ferrous iron, and 
of the variations therein, the experiments leave no doubt that 
considerable ferrous iron, when in silicate combinations, can 
exist in tlie presence of water vapor at high temperatures. 

'I'he vacuum experiment (No. 20) with the oxidized material 
shows clearly tlie ease with which oxygen can be removed from 
such materials and indicates that due regard must be given to 
this phenomenon not only in the study of the chemistry of lavas, 
but also in Uic interpretation of the results obtained in eiqieri- 
ments in which gases arc pumped from rocks at high tempera- 
tures. 

'riie data given in this article are of a qualitative ratlier than 
a (juantitnlive character, and are not to be regarded as final data 
on the reactions of water vai>or with iron-bearing silicates. 
The complete story cannot be obtained by experiments on so 
complex a material as a natural lava, but must be learned by 
experiments with simple silicates of known compoation. These 
results ore presented here, however, on account of their current 
interest and in tlie absence of any fundamental data on the re- 
actions concerned. 

^ Mvate communication; see also tbis JotJBNAi* 7: 58. 1917 



546 


hitciicock: mbxican grass 


The microscopic examination of the samples was made by 
H. E. Merwin of this Laboratory. 

RIJCAPITUI/ATIGN 

Under certain conditions steam is capable of oxidizinR iron and 
its lower oxides to magnetite, FcjO^, or to ferric oxide, h'caOj. 
This fact has often been quoted as an indication of the probable 
oxidizing action of steam upon lava during volcanic activity. 
In this paper this reasoning from analogy is subjected to the 
light of recent investigations and found wanting. In addition, 
some experimental resiilts are given which confirm the view that 
the ferrous iron is not thus oxidized, and indicate that the pres- 
ence of much ferrous iron in the lava and much steam in the 
volcanic emanations of Kilauea are two facts which are in full 
accord. Several miscellaneous experiments are also reported 
which show that in the experimental study of the chemistry of 
the lavas careful attention must be paid to the character of the 
gas phase in contact with the lava if results of value arc to be 
obtained. The bearing of these experiments upon the interpre- 
tation of the results obtained by pumping gases from roclss at 
high temperatures need only be mentioned. 

BOTANY . — History of the Mexican grass, Ixophorus unisetus. 

A. S. Hitchcock, Bureau of Plant Industry. 

In 1791 Thaddeus Haenke, a Bohemian botanist accompany- 
ing Malaspina on an exploring expedition to the Pacific coast 
of America, visited Mexico, stopping at San Bias and Acapulco. 
From the latter place he visited the interior of the country. 
His collections were sent to Prague and were examined by the 
botanists J. S. Presl and C. B. Presl, who finally published an 
account of a few families, including the grasses, ‘ under the title, 
ReUqmae llaenkeanae. In this work 15 genera and about 250 
species of grasses were described as new. They came from the 
western coast of South America, Panama, Mexico, Monterey 
(California), Nootka Sound (Vancouver Idand), and the Philip- 
pine and Marianne Islands. Some of the species, supposed to 
be new, proved to be the same as others previously described, 

* PrESZ,« Rd. Haenk. x: 207-349, pi. 37-48. 1830. 
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but a large number are still maintained as valid. The plants 
were deposited at the Bohemian Museum but, when the German 
University was established, the collections were divided, a part 
going to each institution. In 1907 the writer found a part of 
the Haenke grasses at the Bohemian Museum and a part at the 
German University. The labels on the speeimens are meager, 
usually merely a single word, sueh as Mexieo, Panama, Aeapuleo, 
and sometimes even this laeking. There is not always an agree- 
ment between the label on the specimen and the locality as 
published by Presl, and in a few cases there is evidence that the 
labels have been misplaced. 

The grass under consideration was described as Urochloa 
umseta. The genus Urochloa was based upon Urochloa pani- 
coides,^ a species of Panicum from lie de Prance (Mauritius), 
referred to later in this article. This species has the spikelets 
in one-sided spikelike racemes with one or two slender stiff hairs 
on the pedicel below the spikelets. In Prcsl’s species the spike- 
lets are in similar one-sided spikes and arc subtended by bristles, 
a single one below eiicli spikclet, these bristles being, however, 
sterile branchlcts instead of hairs or trichomes as in Urochloa 
panicoidci. The locality of U. umseta as published is merely 
Mexico. The type specimen, at the German University, is 
labeled, “Urochloa uniseta Pr. Mexico, H.” It is the upper part 
of a culm bearing three leaves and a panicle of about 20 spikes. 

In 1834 Trinius, in revising the section Setaria of the genus 
Paniaun, remarked that Presl’s Uiochloa uniseta, which ap- 
parently he had not seen, probably belonged in vSetaria and named 
it Panicum tinisctiim. 

In 1862 vSchlechtcndahl revised Setaria and its allies and es- 
tablished the genus Ixopliorus, basing it upon Urochloa uniseta 
Presl. lie also mentioned a specimen collected by vSehiede, 
which he called /. schiedoaua. Tins .species is not described, 
the autlior merely saying that it is more delicate and the bristles 
are tlmmer and longer. 

In 1886 Poumier, who wrote an account of the grasses of Mex- 
ico, described a new species of Setaria which he called S. cirrhosa, 

* Bcauv. l{ss. Agrost. sa. pi 11. fig. x. 181a. 
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based upon a speciincn (No. 387) collected at Sail Asjustin 
(Oaxaca) by Liebmann, a Danish botanist, who made extensive 
collections in Mexico (Vera Cruz and Oaxaca). Tlic t3T[>c speci- 
men of this species was kindly sent for examination by the 
Director of the Botanical Museum at Co|)enhaseu. It proves 
to be tlie same as uiiisclui. 'Hie sjieciinen liears, in 

Boumier’s handwriting, the name Paniiim cmlwsnm h'ourii. n. 
sp., a name which, in publication, he changed to Setaria < iithos,a. 

Ihc species just mentioned is the fifth species of Setaria in 
Fournier’s account. His sixth is Solmia uniseta, based upon 
Uroihloa uniseta Presl. As number .seven he lists without de- 
scription Sclatia schicdcana, based on Ixophorus schiedeanus 
Schlecht., stating that he has not seen this and that tlchlechten- 
dahl docs not describe it, thus inflicting on the botanist another 
nomen nudum. 

Thus the species remained until 1893, when several manu- 
script descriptions of Dr. George Vasey were published after 
his death. Under tlie name Paniam (Ptychophyllum) palmori 
Vasey is published a new spedes based on a specimen collected by 
Dr. E. Palmer at Tequila, JaHsco, in 1886. Vasey remarked 
that this is near Setaria cirrhosa Foum. Vasey referred tliis 
to the section Ptychophyllum of Panicum because of the dngle 
bristle below the spikdets, because of the inflorescence, whidh 
resembles that of P. sulcatum, and perhaps because of the rather 
broad blades. 

In 1895 Dr. J. N. Rose publidied an account of the plants col- 
lected in Mexico by Dr. E. Pahner in 1S90 and 1891. Among 
the grasses is a new spedes credited to Dr. Vasey, Panicum 
(JPtyckophyUum) pringlei. The specimens mentioned are Pringle 
2047 and 2423, and Palmer 1256 in 1891. All ore small forms 
of Ixophorus unisetus. Because of the specific name and be- 
cause Dr. Vasey has written the name upon Pringle 2423, this 
specimen is the type. 

In 1896 Beal pubUdied the same spedes as new under tlie name 
Panicum schiedeanum “Trin. ex. Stcud. Nom. Ed. 2, 2: 263 
(1841). P, Pringld Vasey in ed.,” basing it on Pringle’s No. 
2423 from Jalisco, which is the type of Panicum pringlei. Beal 
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uses the name P. schiedeanum because it appears on the printed 
labels of the plants distributed by Pringle (No. 2423) The 
citation given by Beal, however, is a nomen nudum (a name 
without description or citation of a synonym). A specimen in 
the Trinius Herbarium labeled Pantcum schiedeanum is a species 
of Faspalum. Beal gives Panicttm palmeii Vasey on a succeeding 
page as a distinct species. 

In 1897 Scribner revised the genus Ixophorus, describing 
I. untsetus, I. pringlei Scribn. “(Panicum schiedeanum Beal, 
not Trin.),’’ and I. pringlei var. minor Scribn. 

The descriptions of the forms do not differ except in the size 
of the vegetative parts, the specimens assigned to I. pringlei 
being smaller, the blades shorter and narrower, and the spikes 
fewer and shorter. The variety is a still more depauperate form, 
with blades only 1 to 3 inches long (Palmer 1256 in 1891 from 
Colima, Mexico). 

Finally, in 1900, Scribner and Merrill, in their revirion of the 
genus Chaetochloa (Setaria), listed among the excluded species 
Setaria cinhosa Foum. (see above), which they refer to Panicum 
as P. cirrhosum. In this they depended upon Fournier’s de- 
scription as they had not seen the single collection cited by him. 

The above account of the nomendatorial history of a little- 
known species is instructive as Showing how variable are the 
judgments of diJBfercnt botanists, or of the same botanist at 
different times, when working with inadequate material. The 
single species has been described under five different specific 
names and has been referred to four genera. Fournier had not 
seen Presl’s specimen and American authors had not seen Four- 
nier’s nor Presl’s specimens. Only recently has there been 
sufTirient material to confirm the judgment that all the forms 
belong to one species. 

A peculiarity of the sterile palea is worthy of note. At first 
tlio margins, wide and thin, overlap and inclose the three large 
anthers of the sterile or lower floret. At maturity the margins 
expand and spread around the sterile lemma, appearing wingUke 
and papery. This expansion appears to be rather sudden as it is 
observed only in ^ecimens with fruiting spikelets. 
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Ixophorns unisetus is cultivated in Costa Rica as a forage grass 
under the name of Honduras grass (Zacate de Honduras). 

The synonymy of the species and a list of the specimens in 
the National Herbarium follow: 

IxoriioRxrs tiNisWxis (Presl) Sehleeht. 

Ihochloa UHiscta Presl, Rel. Ilaeuk. i: 319. 

Panhim vnisetmn, ^rrin. Mem. Acad. vSt. I’etersh. VI. Sci. 
Nat. 1: 217. 1834. 

Ixophorns unisetus Schlcchl., Tinnac'a 31: 421. 1862. 

Ixophorus schiedeanus Schlccht. Tinnaca 31; 421. 1862. 

Setaria schicdcana Roum., Hcmsl. Biol. Centr. Amcr. Bot. 
3; 505. 1885. 

Sclatia uniseta Roum., Hemsl. Biol. Centr. Amer. Bot. 3: 506. 
1885 

Setaria cirrhosa Roum., Mex. H. 2: 43. 1886. 

Panicum pahneri Vascy, Contr. II. B. Nat. Herb, i ; 281 . 1893. 
Paniewm pringlei Vasey, Contr. U. S. Nat. Herb, i: 363. 
1895. 

Paniewn schiedcanum Trin., Beal, Grasses N. Amcr. 2: 1x9. 
1886. 

Ixophorus pringlei Scribn., U. S. Dept. Agr. Div. Agrost. 
Bull. 4: 6. pi. 2. 1897. 

Ixophorus pringlei minor Scribn. U. S. Dept. Agr. Div. Agrost. 
Bull. 4: 7. 1897. 

Panicum drrhosum Scribn. & Merr., U. S. Dept. Agr. Div. 
Agrost. BuU. 21: 40. 1900. 

DISVlUBtnDION 

San Duis PoTosf: Rascon, Pur pus 5425. 

I'jtPic: Acaponeia, Rose 14253. 

JaurCO: Tequila, Palmer 372 in 1886. Valley of tlie Rio 
Grande dc Santiago, Pringle 2423. Near Guadalajara, Pt ingle 
2047. 

MokbI/OS: Trimenta, OrcuU 4407. Valley of Cuantla, P tingle 
8493. Cuernavaca, Hitchcock 6821, 6841. 

Colima: Colima, Palmer 141 in 1897, 1256 in 1891. Alzada, 
Hitchcock 7070, 7091. Jala, Hitchcock 7007. 

Gin®KRBRo: Iguala, Hitchcock 6695. Balsas, Hitchcock 6805. 
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GuatemaIvA: Patulul, Heyde & Lux 6401. 

Salvador: San Salvador, Renson 301, 362. Sonsonate, Hitch- 
cock 8977. 

Nicaragua: Corinto, Hitchcock 8614. Realejo, Hitchcock 
8750. 

Costa Rica: Guadelupe, Tonduz 14480 (cultivated). 

In a preceding paragraph it was stated that the genus Urochloa, 
to which Ixopkorus unisetus was first referred, was based upon a 
single species, U. panicoides Beauv. (1812). A few years later 
(1816) Poiret described the same species as Pauicum jammciAm. 
In 1821 Trinius, in an article entitled Agrostographische Beytrage,* 
published an allied species from the East Indies, as Pameum 
helopus. Eater authors confused the two species and Hooker 
in his Flora of British India unites them under the name P. 
javanicum. This author, who is much given to placing under 
one name several allied species, makes the following statement 
under P. javanicum: “Kunth (Revis. Gram. i. 206) says, 
under Urochloa panicoides, that he has examined in Desfontaine’s 
Herbarium the type of Poiret’s P. javanicum, and identified it, 
which he cites as a syn. of Urochloa panicoides, but his figure 
of which again quite accords with a narrow-leaved form of P. 
helopus, Trin. This requires the adoption of the name javanicum 
(by misprint japonicum in Kunth Revis.) for the species. Bent- 
ham, on the other hand {FI. Austral., vii 477), says that Munro 
has seen an autliontic specimen of javanicum, and that it is quite 
distinct from P. helopus. I have no means of verifying either 
authority." The original description of P. javanicum states that 
the spikelets are glabrous; the original description of P. helopus 
staU‘8 that tlie sijikelets are hirsute. Beauvois’s figure, accom- 
panying tlie original description of Urochloa panicoides, shows the 
spikelets to be glabrous. Thus one can easily distinguish the 
two species without consulting the evidence of wliich Hooker 
speaks. 

The spedcs with glabrous spikdets should be known as Pani- 
ctan panicoides (Beauv.) Hitchc. (Urochloa panicoides Beauv. 
Ess. Agrost. Si. pi. II. fig. I. 1812; Pameum javanicum 
Poir. in Lam. Encyd. Suppl. 4: 274. 1816). 

* Spreng. Ncu. Entd. 2; 84. 1821. 
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Authors of s-nentifio pip'rs m* n'iu*stcil to '«h* I hit iibstr.icls, pn'frrably 
prcpirod ami signi'd by themsclvos, arc forwarded promptly to the editors. 
The abstr.icls should conform in length and general style to those ai>i)cariug in 
this issue. 

GEODESY.— ffcMsrai ffteory of polyconic projections. Oscar S. Adams. 
U. S. Coast and Geodetic Survey, vSpec. Publ, 57. Pp. 174. pi. r. 
£i$rs. 48. 1919. 

In tliis publication iin attempt bus been made to pfivc a fairly aim- 
plcte treatment of the various .systems of projection in which the 
parallels arc represented by a group of uon-conccntric circles with the 
centers of the.se circles all lying upon a straight line. Tlie number of 
such systems is unlimited; the aim lias been, therefore, to give a de- 
velopment of the projections that are most frequently met with in 
practice. Some attention, however, is given to more general theoretical 
considerations in order to illustrate the way in whicli particular prop- 
erties can be attained in a given projection by the introduction of ana- 
lytical conditions in the mathematical definition of the projection. 

In the treatment of any particular projection, the development is 
given first from the standpoint of the simpler geometrical or onal3rlical 
principles upon which it is based, and later the same results are deduced 
from the more general principles that may l)e found to apply to tlie 
projection under consideration. This method of attack is found more 
rigidly applied in the case of the conformal polyconic projections tlian 
in the treatment of any other clnss in Uie polyconic group. The com- 
paratively hituple geometrical or analytical development is first given 
and this is followed by a dcvclopnienl of tlie results by the anployment 
of functions of a complex variable in accordance with the principles 
demonstrated by Gauss and loigrangt'. 

A full matliematical trealnient of the ordinary or the Amorican 
polyconic projection is given hi the latter part of the volume. No 
adequate development of this has ever before been given in one vohiinc 
in an Ameriean publication. Information hi regard to it ha.s been 
largely confined to articles in the various annual reports of the flnper- 
intendent of the U. S. Coast and Geodetic Survey, tmd the result has 
been that it was difficult to get copies of the articles on acamut of (he 
exhaustion of the supply of Uie reports in whicli the artidis were found. 

552 
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This volume will, therefore, serve to meet the requirements of those 
who wish to have information with regard to the mathematical prin- 
ciples underlying this projection, which has always been extensively 
used in America. 0 . S. A. 

PHYSICS . — Some optical and photoelectrical properties of molybdenite. 
W. W. CoBLBNTz and H. Kahlbr. Bur. Stand. Sd. Paper 338. 
Pp. 51. 1919. 

This paper gives data on the transmissivity and the reflectivity of 
molybdenite; also data upon its change in electrical conductivity, 
when exposed to thermal radiations of wave-lengths extending from 
the ultra-violet into the extreme infra-red. The effect of temperature, 
humidity, intensity of the exdting light, etc., upon the photodectrical 
sensitivity of molybdenite were investigated. 

It was found that; (i) samples of molybdenite obtained from vari- 
ous localities differ greatly in sensitivity; (2) there are maxima of sen- 
sitivity in the region of 0.73 n, 0.85 n, 1.08 and ^-8 MI (3) there is no 
simple law governing tlie variation in the photoelectric response with 
variation in intensity of tire radiation stimulus; (4) the increase in 
photodectric current with increase in intensity of the inddent radiation 
is greatest for infra-red rays. It is greatest for low intensities of the 
exdting light and it is greatest on the long wave-length side of the 
maximtun; (5) tlie photoelectric sensitivity increases with decrease in 
temperature. At 70 ®C. the bands at 1.02 n and 1.8 n have practically 
disappeared. On the other hand, at liquid air temperatures, the 
greatest change in dcctrical conductivity is produced by radiations 
of wave-lengths between 0.8 ju and 0.9 n. 

Utilikc selenium, molybdenite appears unique in being photodec- 
trically wnsitive to infra-red rays, extending to about 3 n. W. W. C. 

BOTANY. Flora oj iho District of Columbia and vicinity. A. S. 
lIiTt’xicocK and Paui, C. vStandi^By, witli tlie assistance of the 
botanists of Washington. Contr. U. S. Nat. Herb. 21. Pp. 329. 
pis. 42. fig. t. 1919. 

The area induded by tlie Flora is approximately a drclc of 15 miles 
radius, mtli the Capitol as the center. The formal list indudes all 
indigenous plants and all introduced ones that have become established. 
All the spedes admitted to the list are based upon specimens in tlie 
District Horn Herbarium, which has been segregated from the main 
collection of the National Herbarium. Spedes reported but which are 
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not supported by specuncns are mentioned in notes. All the .si)cdcs 
mentioned in Ward’s Flora (the stsmdard list of tlie rc){ion up to the 
present) and its Supplements have been accounted for, oven though 
they cannot now lie verified by speciiuen.s, some in synonymy and .some 
as being errors of identification. There are formally listed 6/j6 genera 
and 1630 species, and many more arc mentioned in notes as being waifs. 
There are two keys to families, one based mainly upon vegetative chm:- 
acters, the otlier mainly upon floral cliaracters. Tlicre arc also keys 
to genera and to the species. Under each .species is mentioned the com- 
mon name, the habitat, Hie distribution in the District, the flowering 
period and the general distribution. An introduction gives a brief 
history of botanical activity in the District and a short account of the 
geologic and ecologic features of tlie region. The work concludes 
with a Glossary and Index and is accompanied by 42 plates giving 57 
halftones, some illustrating Uie ecolo^c featttres of the /lora, oUicrs 
several of the interesting spedcs. A. S. II. 

ORNITHOLOGY. — Washington region. (February and March, 1918.) 

Harry C. Obbrhoisbr. Bird Lore 20: 231-32. 1918. 

February and March are usually the least favorable months for bird 
observations about Washington. In the year 1917, however, these 
months were notable for tlie many ducks whidi frequented the Potomac 
River. Two species, Marila ammeana and Spatula clypeata, both 
of which are rare about Washington, particularly in the spring, were 
observed in March. Furthonnore, Nettion caroUnense and Aristomtla 
valisineria remained later than ever before. Notwithstanding the 
very severe winter a number of early migrants appeared considerably 
ahead of tlidr sdiedulc; Fulica amcricana on Mar^ 9, earlier than any 
previous record. Some spedes, such as Jiegulus satrapa, Namms 
hiemalis hiemaMs, and Sitta canadensis canadensis have bcHjn unusually 
scarce; others, such as PassereUa iliaca, at times more than commonly 
numerous. 11 . C. 0 . 

ornithology . — Notes on North American birds. VII. Harry 

C. Obbrhoibbr. Auk 36: 81-85. January, 1919. 

An investigatiQn of the American Nettion caroUnense shows tliat this 
bird is dearly a distinct spedes and not a subspedes of the European 
Nettion crecca. On the other hand, Circus hudsonius (Linnaeus) proves 
to intergrade individually with Ciretts cyaneus of Europe, and should, 
therefore, stand as Circus cyaneus hudsonius (Linnaeus). The gray 
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sea eagles from eastern Asia prove to be subspedfically different from 
the European Haliaeeius athidUa and should be (klled Hcdiaeetus 
clbiciUa brooksi Hume. The birds of this species occurring on the 
Aleutian Islands belong, of course, to this race, and Haliaeetus albidlla 
brooksi is thus added to the North American list. The American bird 
now called Larus brachyrhynchus proves to be only subspedfically dif- 
ferent from Larus canus of Europe, and its name, therefore, shoiild be 
Larus canus brachyrhynchus. Although Conm caurinus Baird has 
been commonly considered a distinct spedes, there is apparently nothing 
in dther size or color to warrant its status as other than a subspedes. 
It, therefore, should hereafter be called Conms brachyrhynchus caurinus 
Baird. The golden warbler commonly known as Dendroica bryemti 
castaneiceps Ridgway proves now to be a subspedes of Dendroica 
erithachorides Baird, since Dendroica bryanti is found to intergrade with 
the latter. Its name, therefore, should be Dendroica eridiachorides 
castaneiceps Ridgway. H. C. O. 

ORNITHOLOGY. — Mutanda ornithologica, V, Harry C. Obbrhol- 
SKR. Proc. Biol. Soc. Wash. 32: 7-8. Feb. 14, 1919. 

The woodpecker now known as lyngipicus aurilus (Eyton) has an 
earlier name, and should tlierefore be known as Yungipicus moluccensis 
(Gmclin). The names of four other woodpeckers are preoccupied and 
they, therefore, require ehanging as follows: lyngipicus pygmaeus 
(Vigors) liecomes Yungipicus mitckollii (Mallierbe); Dcndropicos 
minulHS (Tcnmiinck) is here renamed Dendropicos elachus. Cempethera 
punctata (Valcndcnnes) will now stand as Campeikera punciuligera 
(Wagler); and (Jennus striolatus (Blyth) becomes Picus xanihopygius 
(Boiuiparle). H. C. 0 . 

ORNITHOLOGY. -Mutanda ornithologica. VI. Harry C. Obbr- 
iiousBR. Proc. Biol. fhie. Wa.sh. 32: 21-22. Apr. ir, 1919. 

The changes iu the names of birds on account of preoccupation or 
overl<x)kcd earlier names here made concern five spedes. 'Hie bird 
toimnonly known as Francolinus chinensis (MfiUer) must now stand as 
Framolinus pintadeanus (Scopoli); Totanus maculatus (Tunstall) be- 
comes Totanus erythropus (Pallas); Cuetdus canons minor Brehm 
is named Cuetdus canorus bangsi; Monasa nigra (MfiUer) becomes 
Monasa aira (Boddaert) ; and Alcedo grandis Blyth is now to be called 
Alcedo megalia, nom. nov. H. C. 0 . 
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ORNITHOI/OGY. — A review of the plover genus Ochthodromus Reich- 
enbach and its nearest allies. Harry C. Obqrholsbr. Trans 
Wis. Acad. Sd. 19; Pt. i. 511-523. Dec., 1918. 

The present study originated in the de.<?ire to dctennine the proper 
genetic name for the plover commonly known as Ocldkodromus wilsonitis 
(Ord). It resulted in an examination of not only all tlie species com- 
monly referred to the genus Ochthodromus, but some of otlier genera as 
wdl. The eleven species concerned are found to represent the following 
seven genera: Eupoda Brandt, PerneUyoa Mathbws, Pluviorhynchus 
Bonaparts, Pagoa Mathbws, Pagolla Mathbws, Cirrephlesmus 
Bonapartb, and Charadrius Linnabus. The synonymy of eadx of 
these genera, together with its detailed characters and a discussion of its 
relationships and nomenclature forms the main portion of this paper. 
The chief ^nges from the conclusions of the latest reviser of the group 
are as follows: The generic name Eupoda Brandt is used in place of 
Eupodella Mathbws; the current genus Podasocys Coues is found to be 
inseparable from Eupoda, and its only species should, therefore, now 
stand as Eupoda ntontana; the subgenus Pemettyva Mathbws, instituted 
as a subgenus for Charadrius falklandicus Datham, is raised to a full 
genus and indudes Ochthodromus biemetus (Jardine and Selby); the 
generic name Pagolla MLathsws should replace Ochthodromus Rbichbn- 
BACH because preoccupied by Ochthedromus LeConte, and its only 
spedes, therefore, becomes Pagolla wUsonia (Ord). H. C. O. 

ORNITHOLOGY. — Description of a new subspecies of Piranga hepatica 
Swainson. Haisry C. Obbrholsbr. Auk 36: 74-80. January, 
1919. 

The original description of Piranga hepatica was based on a specimen 
from the State of Hidalgo, Mexico, and the typical race of the spedes 
is, therefore, that from central Mexico. Birds from more northern 
localities now prove to be subspedhcally different in thdr larger size 
and darker coloration. Tliey form, therefore, an additional new sub- 
^edes, Piranga hepatica oreophasma, which ranges from western 
Jalisco, Mexico, north to central western Texas and northwestern 
Arizona. H. C. O. 

ORNITHOLOGY. — Description of an interesting new Junco from Lower 
California. Harry C. Obbrholsbr. Condor 21: 119-120. 

June 6, 1919. 

The form of the genus Junco inhabiting the Hanson Laguna Moun- 
tains in northern Lower California is of considerable interest, since it 
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forms the connecting link between Jwnco orcganus thurheri of California, 
and Junco oreganus tomisendi of the San Pedro Martir Mountains in 
l/ower California, and indicates that the latter is, without doubt, a 
subspecies. Confmed as it is to this single group of mountains and 
possessed of sufficiently distinctive characters, it is found to be sub- 
spedfically distinct from all the other known forms of the genus and 
is, therefore, named jmeo oreganus ponUUs. H. C. 0 . 

ORNITHOI/OGY . — Fourth annual list of proposed changes in the 
A.O.U. check list of Norffi American birds. Harry C. Obbrhoi<sbr. 
Auk 36: 266-273. 1919. 

The Fourth Atmufd list of proposed additions and changes made for 
zoological reasons in the names of North American birds includes 
everything pertinent up to December 31, 1918, inclusive. The total 
number of additions and changes amount to 51, the additions being 26 
subspecies, 2 species, i subgenus, and i genus. The rejections and 
diminations from the list total 19, of which the diminations of subspedes 
amount to 5, .spedes 2, and genera 2. This leaves a net gain of 2 1 spedes 
and subspedes. H. C. O. 

ORNlTlIObOGY . — A revision of the subspecies of the white-collared 
kingfisher, Sauropatis chloris (Boddaert). Harry C. Obbrhoi^sbr. 
Proc. U. S. Nat. Mus. 55: 351-395. 1919. 

Birds allied to Sauropatis chloris present a difficult problem to the 
systematist, chiefly because of the great amount of variation, sexual, 
seasonal, and individual, in both size and color. They seem to tep- 
resent a genus distinct from Halcyon, in which group they have usually 
been placed. Mast of them are subspedes of Sauropatis chloris, al- 
though a number now tlms regarded have heretofore been considered 
distinct species. As here understood tlic spedes Sauropatis chloris 
ranges from tlie Philippine Islands, India, and Abys.sinia, south to 
Java and norUicm Australia, and east to the Fiji Islands. The number 
of subspedes here recognized is 24, and it is interesting to note that of 
tliese only six, induding three fotmd in Australia, are continental in 
distribution. Badi is treated more or less at Icngtli, and in most cases, 
with tlie addition of tables of measurements. The following new sub- 
spedcs are described: Sauropatis chloris palmeri from Java; Sauropatis 
chloris azela from Engano Island, western Sumatra; Sauropatis chloris 
chloroptera from Simalur Idand, western Sumatra; Sauropatis chloris 
amphiryta from Nias Idand, western Sumatra; and Sauropatis chloris 
hyperpoHtia from Vatd Idand in the New Hebrides group. H. C. 0 . 
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CHEMICAL TECHNOLOGY.— m idmUfication of '^stone^ in 
glass. (Geophysical Lab. Papers on Opticd Glass No. 4.) N. L. 
BowBN, Joum. Amer. Ceramic Soc. i: 594-605. Sept. 19x8. 

The pclrograpliic microscope is a convenient and efficient instru- 
ment for the detennination of the nature and origin of “stones'* or 
crystalline particles occurring in glass. Stones are divided into four 
classes: (i) pot stones, (2) batch stones, (3) crown drops, (4) devitri- 
fication stones. These classes have distinctive featiures of structure and 
textiu-e tliat are revealed by the microscope. Moreover, the crystalline 
phases contained in stones can be identified by a determination of their 
optical properties. The results of a study of stones by these methods 
arc given in this paper. N. L. B. 

CHEMICAL TECHNOLOGY. — The condition of arsenic m glass a^td 
its rdlc in glass-making. (Geophysical Lab. Papers on Optical 
Glass No. 6.) E. T. and E. G. Zms. Joum. Amer. Cer- 

amic Soc. i; 787-790. Nov., 1918. 

Analyses show that in all the glasses tested, both plate and optical 
glasses, the major part of the arsenic present exists in the pentavalent 
state, but nevertheless a portion exists in the trivalent state. It ap- 
pears that arsenic trioxide is oxidized at a low temperature and the 
product formed is stable enough to remain until a high temperature 
is reached and the glass becomes fltiid, when it slowly dissociates into 
oxygen and arsenic trioxide, both of which aid in the fining. E. T. A. 

CHEMICAL TECHNOLOGY . — Constitution and microstructnrc of silica 
brick a^td changes invoked through repeated burnings at high 
temperature. Hbrbi$rt iNStiCY and A. A. Bur. Stand. 

Tech. Paper 124, Pp. 3r. phs. 10. 1919. 

The investigation involves a petrographic microscopic vStudy of test 
cubes and commercial silica brick, some of which had rci'eivecl repeated 
btiniings by use in kilns. Quartz, crisLobaliUs and tridynnte arc the 
main constituents. Sinall aiiiountb of pseudo wollastonite and glass 
are present. I/)Ug burning at temperatures slightly less than 1470^0. 
causes the formation of a large percentage of trid3anite. CrivSlobalite 
characterizes higher burned brick. Quartz first inverts to crivStobalitc 
in the fine grained ground mass and along cracks caused by shattering 
on heating, and tlien to tridymite if the temperature does not exceed 
1470 ®C. The lime added in grinding aids more as a flux than as a 
bond. Most of the cementing action in the burned product comes 
from the interlocking of the quartz, cristobalite, and tridymite crystals. 

H. T. 
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The X36th regular meeting of the Botanical Society of Washington 
was held in the Assembly IJall of the Cosmos Chib at 8 p. m., Tuesday, 
May 6, iqio, forty-three members and two guests being present. The 
program consisted of the following papers: 

Agricultural explorations of Frank N. Meyer (with lantern) : David G. 
F AiKCiiiij). The speaker gave a brief account of the life and work of Mr. 
Meyer, ilhuslratiiij* his talk by lantern >slide>s made from pictures taken by 
the explorer in Cliina and other i)arts of Asia. Meyer was a Hollander by 
birth and spent his childhood among tlic gardetivS of AmvSterdam, rivSing 
through his own talents to be the asvsistant of Hugo de Vries. His 
pOvSsion for travel took him on foot across the Alps and into Italy to 
sec the orange groves and vineyards of the Mediterranean and later led 
him to explore America and northern Mexico on foot. Ilis first expe- 
dition in the years 1905-8 was into North Cliina, Manchuria, and 
northern Korea; his second, in 1909-11, through tlic Caucasus, Russian 
Turkestan, Chinese Turkestan, and Siberia; his third, in 1912-15, 
through northwestern China into tlie Kansu Province to the borders 
of 'fibet, and his la.sl expedition in {jcarch of plants began in 1916 when 
he went in quest of the wild pear forests in the region of Jchol, north 
of Peking, and the region around Ichang. He was caught at Ichang 
by the revolution and for many months was unable to escape. The 
confin(‘nieut and uncertainty with reganl to the great war, together 
with ail attack of illneSvS, had by this time combined to bring on a re- 
currence of a former attack of what amounted to ner^'ous prostration, 
and before' he could reach the eticouruging companionship of people 
of his own cliuss he was drowned in the Yangtze River near the town of 
Wu I 111, thirty miles north of Nanking. He has sent in hundreds of 
vSliipmeuts of living cuttings and thouvsands of sacks filled with seeds 
of the useful plants of the countries through whidi he traveled, which 
are growing successfully in American fields and orchards, and has ren- 
dered great service to our horticulture by showing us what tlie Chinese 
have done to improve their native fruits, 

AgrictilUiral explorations in Guatemala (with lantern): WitsoN 
Popimoij The avocado is being planted commercially in California 

559 



56 o 


proceedings: botanical society 


ami Florida, and its cultivation seems likely to become important in 
those StatCwS. In order that this new industry may be built upon solid 
foundationvS the Department of Agriculture, through the Office of 
Koreign vSeed and Plant Introduction, has undertaken to conduct an 
exploration of those parts of tropical America where avocados arc 
growti, for the purpose of obtaining the best available varieties as well 
as information regarding the rcciuircmcuts of the tree. The work in 
(Tuateniala, which extended over sixte(‘n months in 1916 and 1917, 
resulted in the introduction of about 25 new and promising sorts. 

The avocado is the principal fruit tree of the Guatemalan highlands, 
and rankvS alongside the banana as a source of human food. The 
Guatemalan Indians use it largely in the place of meat. The tree is 
found in Guatemala at all elevations between vsca-level and 8500 feet, 
at which latter altitude severe frosts occur. It is .significant that 
a\ocados are grown in regions which arc considered too cold for the 
orange, the latter fruit not being found above 7500 feet. 

In addition to avocados, numerous other plants were obtained and 
iiitioduciKl into the United States. These include several varieties of 
the chayote, a promising new vegetable for the South; the large-fruited 
(jruatcuualau haw, Crataegus stipulosa; the Central American cherry, 
Prunii^ salicifolia; choice varieties of the chcrimoya for cultivation in 
Oalifomia; a beautiful dwarf Chamaedorea which gives promise of 
being valuable as a house plant; two new dalilias, one a double-flowered 
tree dahlia wliich has been named D. maxonii^ and the other a smaller 
plant, considered by W. E. Safford, who has named it P. popenovH 
to be one of the ancestors of the cultivated race of cactus dalilias; the 
beautiful blue-flowered Guatemalan lignum-vitac, Gttaiacum guate- 
malcnsCf which promises to do well in Florida; a new blue-flowered 
Salvia; and the little-known ilama, Annona divcrsifoUa, a fruit which 
resembles the chcrimoya and deset^’^es to be cultivated in all tropical 
countries. 

(\ubon monoxidCi a respiration product of NcrcocyvStis luetkeana: 
vSiOTir C. UAN'<U)()Nf and W. R. Gaiw^y (by invitation). The data con 
tiiined in this jiaper were obtained at Puget Sound Marine vSlaiion in an 
investigation to deteriiiiiic if the carbon monoxide present in tlie ptK*n- 
matoey«t*^ of the giant Pacific Const kelp was an intermediate step in 
photosynthesis or a n^spiratory pnxluot. It was found that carbon 
monoxide was formed only when oxygen was prcsc‘nt in the gas. I'he 
carbon monoxide was produced just os readily in the dark as iti the 
light, hence its formation is related to respiration rather than to anabolic 
processes. 

SPEciAi< 

Tlie Botanical Society of Washington met at the Covsuios ( 1 ub at 
8 p.m., July I, 1919, in special session in honor of Dr. A. I). C<m\)N, 
Royal Botanied Garden, Kew, England, Pathologist to the Board of 
Agriculture and Fisheries of England and Wales; Dr. Geo. II. Pethy- 
bridge, Economic Botanist to the Department of Agriculture and iVch- 
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nical Instruction of Ireland; and Dr. H. M. Quanjbr, Plant Patholo- 
gist of the Institute for Phytopathology at Wageningen, Holland. 

In response to an informal welcome by the President of the Society, 
Dr. KARt P. Kbllerman, Dr. Cotton told die Society of the condition 
of botanical work in England and the efiect of the war on the univera- 
tics and tlic research laboratories. While serious losses to the personnel 
have come through the war, economic work has been stimulated. A 
research institute and an institute of applied botany have been es- 
tablished at Rothamsted. The British Mycological Society is more and 
more recognizing plant pathology. 

Dr. PbthybridgE explained that the war had stimulated a great 
development of food production in Ireland and tliat it had brought 
a recognition of the value of economic biological work. There is a 
small but active group of men in Ireland interested in natural history. 

Dr. Quanjbr called attention to the fact that Holland is a sm^ 
country, being only about one-one hundred and sixtieth of the United 
vStates, yet it has produced in the past and present a goodly number 
of botanists and has several well-developed university departments of 
botany. After referring briefly to the botanical work of totsy, Oude- 
mann, De Vries, Beycrinck, Trcub, Ritzema Bos, Wakker, Van Hall, 
and others, he discussed the difficult group of plant diseases which in- 
dudes mosaic of tobacco, leaf-roll and mosaic of potato, the Sereh 
disease of sugar canc, a dwarfing of a Japanese mulberry, and an in- 
fectious mosaic of the ornamental Abutilon. Tliese diseases, he said, 
are probably due to ultra-microscopic organisms. 

CiiAvS. Chambbiss, Recording Secretary. 



SCTENTTFIC NOTEvS AND NEWvS 
MA.TXBRS OP SCWNtlPrc INTBRUvST IN CONttRBSS* 

Tlie Mnanw Committee of tlic Senate, wliich has had before it the 
bill for a tariff on scientific supplies (II. R. 7785), decided on October 
3 to iwstpone all revetme and tariff matters until after the treaty of 
peace had been acted upon. 

During the hearings on the bill Uie Tariff Commission prepared a 
report entitled Information concerning scientific instruments, which 
has been recently published. The report brings together a large num- 
ber of opinions and arguments concerning the tariff on scientific sup- 
plies, received from various sections of the Bureau of Standards, from 
manufacturers of instraments of all kinds, and from universities and 
organizations. 

Two distinct questions are involved: (1) vShould Congress repeal 
the privilege, now granted to institutions of learning, of importing 
supplies free of duty? (2) vShould the present rates be increased and 
imported articles now on the free list be taxed? 

The opinions quoted are not analyzed in the report, but the following 
brief outline will indicate that those interested ore still far from being 
in agreement. (Definite recommendations only are counted.) 

(t) Of eleven university professors quoted, one favors and ten 
oppose repeal of the duty-free clause. Of twelve opinions from the 
Bureau of Standards, five favor and seven oppose repeal. Of seven 
manufacturers quoted on this subject six favor and one opposes repeal. 
The Council of the American Chemical Society is quot^ m favor of 
repeal of the duty-free clause, "for a reasonable period of years, at 
least.” 

(2) Opinions on the subject of the imposition and inaease of tariff 
rates on scientific supplies are quoted as follows: Ten manufacturers, 
all in favor of higher tariff; eleven sections of the Bureau of Standards, 
seven in favor and four against. The Commission believes that "the 
extremely diverse nature of the products falling under such a general 
designation as ‘scientific instruments’ renders general statements 
concenuug Uie entire group of little value for the purj)0.se of dedding 
on any rates of duty related to tlic competitive conditions wliich affect 
individual instruments.” 

The report also discusses in a general way tlie status of the domestic 
industry, imports and exports, tariff liistory, competitive conditions, 
and war developments. 

A conference of campaign committees, delegates from affiliated 
engineering, architects’, and constructors’ sodeties, and otlier interested 
parties, is planned for some time in November, to give active support 
to the Jonbs-Rbavis bill for a National Department of Public Works. 

^Preceding report: This JouKNAi,. 9:535. 1919. 
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On October 6 Mr. France, chainnan of the Senate Cominittee on 
Public Health and National Quarantine, asked unanimous consent to 
consider S. J. Res. 76, providing for an investigation of the cause and 
methods of prevention of influenza and allied diseases. Mr. Smoot 
objected, and 110 action was taken on the resolution. 

The Senate resolution concerning the Botanic Garden (S. Res. 165) 
was taken from the table on August 23 and referred to the Committee 
on the Library, together with the report of the Fine Arts Commission. 
This report recommends the acquisition of 400 acres on Motmt Hanail- 
ton, in the northeastern quarter of the District, as a site for “an ade- 
quate national botanic garden and arboretum ” It will be recalled 
that the earliest scientific society in the District of Columbia, the 
Columbian Institute, organized in 1816, was the founder of the Botanic 
Garden, which was afterwards turned over to the Federal Government 
but still occupies its original grounds at the western base of Capitol 
Hill. 

NOTES 

The United States Geological Survey is about to supervise extensive 
topograpliic mapping in tlie West Indies. The Republics of Santo 
Domingo and Haiti have made appropriations suflident to complete 
the surveys of their countries and have requested the Geological Sur- 
vey to take charge of the work and to furnish the technical persoimd. 
It is probable that Porto Rico and the Republic of Cuba will take simi- 
lar action. In order to provide for tlie administration of this work a 
Division of West Indian Surveys has been created in the Topographic 
Branch. Lieut. Col. GeENN S. Smith has been relieved from his duties 
in connection with military surveys and has been designated as Topo- 
graphic Engineer in Charge of the new division. Field work in the 
Dominican Republic has already been started with an organization of 
five parties having a force of approximately sixty men which will be 
gnulually incrcas^ to ten parties as the work progresses. It is ex- 
pected that the survey of this Republic will be completed within four 
years. 

The glass work imd tlie chemical part of the cement investigation 
work of the Bureau of vStanclards which has been located for several 
years at the U. S. Arsenal buildings at 40th and Butler Streets, Pitts- 
burgh, Peimsylvania, has been transferred to Wa.shington. Mr. P. H. 
Bates, tlircctor of the IHttsburgh branch, is now located in the now 
Industrial Building of the Bureau. Mr. A. V. Bebininoer, chief 
ceramic chemist of the Bureau, will move to Washington in tlie near 
future. 

Tlie following educational courses are being given at the Bureau of 
Standards this winter: A. Advanced theorettced mechanics, W. S. 
Gorton; Ji. Harmonic functions, D. R. Harper; C. Introduction to 
mathenuiiical physics, L.B. Tuckbrman; D. Themtodynamics, L. H. 
Adams; E. Colloidal chemtstry, W. D. Bancroft. Dr. C. W. Kanolt 
is chairman of the committee in charge. 
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Mr. John Boybb, Jr., assistant examiner in the Patent Office, has 
resigned liis po-sition and will open an office in Washington for the prac- 
tice of patent law. 

Dr. h'. 0. Hrown, formerly asscK'iale profewsor of pliy.sic,s at the 
Univcr.sity of Iowa, has been ajipoiiiUsl technical assistant t<» the dirwtor 
of the Burean of Mtaiwlards. During the war he was connnis,sionerl 
major in the Ordnance Department of tire Anny, and was cjigaged in 
research on problems of aircraft armament. 

Mr. 1?. R. Cbark, of the Bureau of Standards, has rc.signed to 
accept a position with the Standard Textile Products Company of New 
York City. 

Mr. John B. B'ijrou.son has prcscnlcd his resignation from the (leo- 
physical laboratory, Carnegie In.stitutiou of Wa.sliington, to be in 
effect November r, and has accepted a rc.search po,silion witli tlie 
Western lilcctric Coinpiuiy in New York City. 

Measrs. A. N. h'lNN and b. J. (luRimcn, of the Bureau of Standards, 
have resigned to accept i)ositions as Cliiet of the Technical Section of the 
Development Department, and Re.scarch Metallurgist, respectively, 
witli tlie Hydraulic Pressed Steel Company of Cleveland, Oliio, 

Dr. II. D. Gibbs, of the Bureau of Chemistry, has re.signed to take 
up work witli IJ. I. du Pont do Nemours and Company, of Wilmington, 
Delaware. 

Mr. II. D. HohiXfs. has resigned from the Biueau of Standards and 
is now at the PaxUn l^aboratory of E. 1 . du Pont de Nemours and Com- 
pany, of Wilmington, Delaware. 

Mr. E. J. Katz has been granted leave of absence from tlie Mineral 
Resources division of the U. S. Geological Survey in order to accept an 
appointment as Expert Special Agent in charge of Mines and Quanies 
for the Bureau of the Census. Tliis arrangement is to insure close and 
efft'cUve cooperation between the two bureaus in the Eourteenth 
Census, 

Mr. W1M.IS T. lyRB, geologist of the Geological Survey, will be absent 
from Washington until Pebmary, 1920, in order to deliver a course of 
lectures at Yale University. 

Mr. RiaiAKD B. Moork, until recently .stationwl at the Bureau of 
Mines’ experiment station at Golden, Colorado, has l)ecn appointed 
chief chemist of tlie Bureau, to succeed Dr. C. b. Par, sons, resigned. 

Mr. j. G. Ridby, formerly with the Bureau of Chemistry, and re- 
cently Captain in the vSanitary Corps, is now in the laboratory of the 
Bureau of Internal Revenue, Treasury Department. 

Mr, E. J. ScHWNK, a member of the staff of tlie Bureau of vStandards 
since 1913, and for the past two years ledmical assistant to tlie Di- 
rector, has resigned to carry on phyacal research for the I^cstone Tire 
and Rubber Company of Akron, Ohio. Mr, SchUnk recently received 
an award of the Edward I/ongstreth Medal of the Eraaklin Institute 
for his invention of an improved type of weighing scale. 
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PHYSICAL CHEMISTRY . — The nature of the forces between 
atoms in solids.''- Ralph W. G. Wyckopp, Geophysical 
Laboratory, Carnegie Institution of Washington. 

The study of the arrangement of the atoms -within a crystal- 
line body and especially of variations in these arrangements 
with changes in the physical conditions of the solid, such as tem- 
perature and pressure, when taken in connection with the 
knowledge which has been accumulating concerning the nature 
of the atom, should give considerable information concerning 
the kinds of forces operating between atoms and between molecules. 
With this in mind the determination of the structures of a number 
of typical compounds was undertaken by the author about two 
years ago in the chemical laboratory of Cornell University. 

It seems possible to arrange all crystalline solids in a number 
of groups according to the nature of the forces between then- 
atoms. The general outline of such a dassihcation is presented 
in this discussion. Because of the numerous speculations which 
have been introduced into recent discussions of the structure of 
the atom, it has seemed advisable to present the point of view 
which has served as a basis for this classification. The first 
part of this paper is giveti up to such a presentation. 

J. J. Thomson,* G. N. I^wis,® and W. Kossel^have applied the 
present knowledge of the .structure of the atom to a consideration 
of the nature of the forces of chemical combination. In devdop- 
ing the following discussion eictcnsivc use was made of the first 

* This paper wan written in Fdjruary, 1919, but was still in manuscript when 
I^ngmtiir's paper on a similar subject appeared (June, 19x9)* 

* J. J. Thomson, The forces between atoms and chemical affinity, Phil. Mag. 

((>) 757 - 7 « 9 . 1914* 

» G. N. L«wivS 7"he atom and the molecule, Joum, Amer. Chem. Soc. 38: 762- 
78s* 

< W. Koss«i*, Ueber MoUkUthUdung als Frage des Atombaus, Ann. d. Physik 
(4) 49: 229^3^2, jgxO, 
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of these papers. Recently I. Langmuir"* has extended the theory 
of G. N. Lewis and has also tried to obtain from purely chemical 
considerations information about the more intimate structure 
of the atom. A. L. Parson" has applied his “magneton” theory 
of the atom to an explanation of chemical forces. 

THE OTRUCTURB OB THE ATOM 

The “nucleus at(m.'’—Aii accurate relation has been shown 
to exist between the wave lengths of the X-rays characteristic 
of the various dements and their order numbers in the periodic 
table.’ This rdation was discovered after the importance of 
this order number, known as the “atomic number,” had already 
been urged." Its bearing on the structure of the atom will be 
seen from the following facts. 

If alpha particles arc shot at a substance, a certain number 
of them will suffer a large change in direction. The “scatter- 
ing” (change in direction) actually observed in the case of the 
various elements is that which would be expected if the atom 
possessed at its center a minute positivdy charged nudeus.’ 
Experiments indicate that this charge has a magnitude Ne, 
where e is the charge on the dectron and N is the atomic num- 
ber.’® Eurther, a study of the disintegration products of ura- 
nium and thorium shows dearly the variation of the diemical 
properties with variations in the nudear charge.” These facts 

® 1 . l/AN<muiR, The arrangement of electrons in atoms and molecules. Jotirn. 
Amw. Chem. Soc, 41; 868--934* 

•A. T^. Parson, A magneton theory of the &tru<ture of the atom. Smithsonian 
Mihc. Coll. 65; No, XI (Publication No. 

f IT. O, J. Moswiy«Y, Phil. Mag. (6) 27: 703 -713. »0X4. If N K tho order num- 
ber of the elements, beginning with hydrogen as one, helium as two, lilhittm as thrt^e, 
etc.; r the frequency of the corresponding lines in lh(" speotm, A i\ constant 
lyhich is the same for all elements; and b a similar coustunl having a valut* km 
than tmity, then 

- A(N--b)^ 

« A. VAN i>»N Broric, Phyiik, Zeits. 14: 32-41. 19x3, 

« S. RxrtfHSRRORi), Phil. Mag. (6) 2tt 669-688, 1911; etc. 

1® H. Griobr, Proc. Roy. Soc. A. 83: 492. 1910. 

^^F.Sodjdv. The chemistry of the radio^elements, 11. The radiO'Hdements and the per>- 
iodic law, p. 2. X914. The loss of an alpha partide (doubly positive helium** 
atom) decreases the nuclear charge by two units producing an dement placed tero 
positions to the left in the periodic table. The loss of a beta particle (an electron) 
produces a shift of one unit in the opposite direction. 
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are most simply explained by considering the atom to be pos- 
sessed of a very small nucleus carrying a positive charge equal 
to its atomic number. That the electron is a constituent of all 
matter can no longer be doubted. 'Then, since the atom as a 
whole is electrically neutral, enough electrons to neutralize the 
nuclear charge must be arranged about the central nucleus.’ 
Thus the hydrogen atom is a small positive nucleus bearing a 
single positive charge and accompanied by a single electron; 
the helium atom is a doubly charged nucleus accompanied by 
two electrons; and so forth. 

Loosely-bound electrons . — Some of the electrons in an atom 
may be expected to be more tightly bound than others. Close 
to the positively charged nucleus the electrical forces (and pre- 
sumably also the magnetic forces) should be much stronger than 
farther away from the nucleus. Consequently those electrons 
which are close to the center of the atom will be held with greater 
force than the more distant electrons. 

There arc numerous indications’® that the atoms do contain 
a small number of more or less weakly bound electrons. The 
application of the electron theory to the dispersion of radiation 
indicates the existence of such electrons. By using the relations 
which have been developed for the theory, of dispersion it is pos- 
sible to calculate roughly the number of dispersing systems in 
each molecule. If such a calculation is carried out for quartz, 
for instance, it is found that each molecule possesses three to 
four, probably four, “dispersion electrons.” These calculations 
miwt be inexact, however, because the proper application of the 
expressions used requires a knowledge of all the vibrating sys- 
tems in the molecule. Experimental difficulties, especially in 
the extreme ultra-violet, make this impossible. 

Studies upon the absorption of light and the optical proper- 
ties of metals furnish similar results. Metallic conduction is 
assumed to be due to electrons which possess a certain amount 
of freedom of movement. Then there are those electrons which, 
os is well known, can be liberated by light and heat; these also 
Camfsbll. Modem deOried theory. 
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must be rather weakly bound. The positive rays are atoms 
which have lost a few electrons. Perhaps the strongest evidence, 
at any rate from the point of view of the chemist, that atoms 
possess a small number of basely liehl electrons is furnished by 
tlie phenomenon of electrolytic dissociation, tiinee the mag- 
nitude of the electrical charges concerned is tlie same as that 
of the charge on the electron, the conclusion can hardly be 
avoided that a few electrons are involved. It is the natunil 
thing to identify them with the “dispersion electrons" already 
mentioned. 'Ihese outside rather weakly bound electrons are 
the ones involved in chemical changes. 

A nan ail of electrons.- -No real information is available 
conceniing the exact arrangement of the electrons in an atom. 
The.sc electrons mast eitlier be in motion about the nucleus 
(the revolving-electron type) or else they must be held in equil- 
ibrium positions about the center (the stationary-electron type). 
There are serious difficulties in the way of either arrangement.'* 
Since the loosely bound electrons are the only ones involved in 
chemical reactions, the exact arrangement of the inner elec- 
trons is a matter of secondary importance to tlie chemist, at 
least for the present.** 

From the standpoint of the chemist the stationary-electron 
atom seems simpler because its qualitative application is easier. 
This application can be made with either type of atom, however, 
and in the present state of our knowledge one is quite justified 
in imagining and using for chmkal purposes whichever type of 

^8 It may be of iiitowst to chemi5it<» to restate the iiiomI otivlous of theso objve* 
tions. If tht electrons are in revolution about the nncleiis ami if light is an electro- 
ninguctic phenomenon, tis it is ilrmly l)eHcve<l to Ih*, then u continuous radiation 
of energy from the atom as a result of Uds xnotiou would Ik* exjK^rtecl hi a com- 
paratively short time the atom would ‘*run down,** disintegrate. This may or 
may not be a fallacious argument. On the other hand, in the case of tlie Htation 
ary-electrou atom, unless a hitherto unktiown force of repulsion is assumed, it is 
hard to sec why the negatively charged electrons do tiot fall into the positively 
charged nucleus and become neutralized. 

Also since chemical changes affect only the outside electrons, it fe ciuitc dear 
that chemical facts can present only the most indirect information coxiccrning the 
inside electrons of an atom. 
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atom model meets bis fancy (always remembering that his par- 
ticular type of atom is only a convenience).''"' 

Arrangement of outside electrons . — ^Although we are unable at 
the present time to determine the general arrangement of the 
electrons within the atom, the facts of chemistry furnish consider- 

It has been found loiivcnient to picture an atom, the inner electrons of which 
are in rapid revolution, the outer electrons of which might be held in positions of 
equilibrium between the atoms in a molecule. 

Langmuir (see note 5, p. 566) has suggested an ingenious arrangement for the 
electrons in a stationary model. The examples of the application of his model, 
however, to chemical compounds are those which would be equally well satisfied 
by any type of atom of the kind described above As already stated, chemical 
facts, simply because they involve only the outside electrons, cannot give direct 
information concerning the arrangement of the inner electrons. The stationary- 
and revolving-electron atoms might differ from one another in the nature of the 
electrical fields surrounding the atom. The electrical fields about the revolving- 
electron atom would Iw expected to be quite uniform while those about the other 
type might Ixi clustered in patches In the Stark atom {Prinz d Atomdynamikf 
ITI) the ''positive electrification** was grouped in patches and electrons took up 
equilibrium positions al)out these patches. Tt is not evident whether a definite 
choiw between the two atom types can ever be made upon these grounds 

I^ngmuir has urged that the existence of charcoals and similar porous sub- 
stances having the form of solids of large apparent volume, where each ‘atom of 
carbon (taking charcoal to l)e specific) is surrounded by fewer than four carbon 
atoms, Is a proof that the electrons arc stationary within the atom. This does not 
necessarily follow. In a structure of this sort the valence bonds which were linked 
up with other atoms in the formation of wood are, in the charcoal, partly or com- 
pletely saturated by holding adsorbed gas (as will be seen later, adsorbed gas is 
probably held to charcoal and similar substances by primary valence bonds). As 
indicated by Bohr (Phil. Mag. (6) a6: 857. tpid) and discussed by Kossel {op, 
(iU) the four outside electrons in a revolving-electron atom in the case of carbon 
would l)c expected to placi‘ themselves, if possible, at the comers of a tetrahedron. 
As a consequence* of these facts the large apparent volume of charcoal is not a 
proof of the inheretitly directed nature of the valence bonds of carbon. Many 
sulfides of large apparent volume ore knowtx which, when heated to a certain tem- 
penitun*, will suffer a rather sudden cJiauge in shape (and apparent volume), ♦. e,, 
they ctumble. 1 'his i)08sibly is due to the loss of adsorbed gas. 

These objections arc urged, not as proofs tliat the electrons are not stationary, 
but simply as showing that the evidence in favor of their stationary nature is not 
conclusive. The experiments of Hull (died by Langmuir, op, cit, p, 869) are 
inconclusive, As Nishikawa has pointed out, the effects which led Hull to 
Ixjlieve tlwit electrons occupy definite positions in the crystal lattice are in some 
cases similar to those effects which would be expected to result from the thermal 
agitation of the atoms in the crystal. The best way to determine whether or not 
the <*ffect is real would be to make the X-ray studies at a point where the specific 
heat is very small. The author hopes to make such a study in the near future. 
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ahlc infonnation concerning the outermost ones. As we pass along 
the periodic table horizontally from left to right, each atom differs 
from the one preceding it in carrying a nuclear charge greater 
by one and hence in possessing one more electron. “ It is seen 
that with simple atoms (short smes of the periodic table) the 
general characteristics of an atom repeat themselves after the 
addition of eight electrons: lithium and sodium are similar. 
With the long periods eighteen electrons (thirty-two in the last 
complete series) must be added before tliere is a complete repeti- 
tion of properties. Tluree elements, those in the eighth group, 
exhibit a similar valence, so that there are really only twice 
eight kinds of valence (valence groups). There is, however, a 
partial repetition in the long periods after eight valence groups 
have been passed over. The sub-group elements show a valence 
similar to that of the primary elements: copper, silver and gold 
resemble the alkalies. 

Radio-active phenomena and more especially the whole sub- 
ject of electro^emistry emphasize the intimate connection 
between valence and the electron. The alkalies ionize losing 
one electron, the alkaline earths lose two; the elements of the 
oxygen group tend to acquire two, the halogens one; and so on. 
In 1904 Abegg’^ pointed out that the sum of what we dioose to 
call the maximum positive and negative valences of an element 
is always equal to eight. Eight is the number involved in the 
recurrence of properties. 

All of this seems to point clearly to some sort of repetition of 
the configuration of the outside electrons characteristic of the 
atom after the addition of eight outside electrons.*’’ The repeU- 
tion of properties is so striking that one is forced to the conclu- 
sion that when a certain definite number of electrons has been 
added to the outside of the atom, the force fidds about the 
atom, except those resulting from the unneutralized charges 
upon the nudeus, become practically negligible. If hydrogen 
is the simplest dement, this definite number of electrons in the 
case of the very simple elements (first dxort period of the table) 
is two. For the other simple dements it is dght. The heavier 

R, Ab]$oo. Zeits. aiLorg. Chem. 39; 330. 1904. 

' ” See teJfereixces 2, 3, and 6, on page 565* 
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elements require twice eight additions to “close” the atomic 
fields effectively. Then an atom of an alkali metal has one 
outside electron, an alkaline earth two, and so on until we reach 
the halogen with seven outside electrons and the next inert gas 
with eight outside electrons, starting a new group. 

Tendency to form clusters of eight. — ^The fact that oxygen with 
six outside electrons and chlorine with seven are negatively bi- 
and mono-valent, respectively, points to the existence of a ten- 
dency to form clusters of eight electrons. In other words, in 

The simple elements would probably be represented as follows (if hydrogen is 
the simplest clement and helium comes next) : 


FJmmt 

Nuclear Charge 


Electron Arrangement 

Hydrogen 

I positive 

I 

electron 

Helium 

2 positive 

2 

electrons forming a “closed cluster” of 
two 

Lithium 

3 positive 

3 

electrons* 

inside cluster of two, 
one outride electron 

Cnuciuuin 

4 positive 


electrons: 

inside cluster of two, 
two outside electrons 

Boron 

5 positive 

5 

electrons: 

inside cluster of two, 
three outside electrons 

41 « 41 

<1 * 4* « 

« 

Iit4>4i4i4i)k4>*4i<li 

Fluorine 

9 positive 

9 

electrons: 

inside cluster of two, 
seven outside electrons 

Neon 

10 positive 

10 

electrons: 

inside cluster of two, 

“closed cluster” of eight 

Sodium 

1 1 positive 

1 1 

electrons: 

iiisttle cluster of two, 
inside cluster of eight 
one outside x'lectrou 

« « III 

41 Ik « 4i 


Ik4ii|i4i4i4i4i4i4(«4i 

Recently Dimvit (Physik. ZiMts. x8: 276, 

1911)* V«<JARO (Her, deutsch. phys. Oes. 


xq: iOJ7)i axwi Kuoo (Physik. Zeits. xp: 2^7. 1918) have tried to explain 

the K -series lines lu the X-niy spectra of elements as due to an inside ring of three 
or Jour electrons. If this innermost ring preserves its character when we pass to 
the more complex atom, and if there arc not one or two very light elements, as 
yet undittcovcTC<i, it is highly probable that this inside ring contains two electrons. 

A. L. Parson, op. cit. 
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addition to the force holding the normal number of electrons 
to the nucleus, tliere is a force which causes the atoms to tend 
to add electrons beyond the number equal to the positive charge 
on the nucleus. 

The force responsible for this tendency to fonn eights may 
be mainly an electrostatic attraction lictween positive and 
negative charges. This has been mentioned by Langmuir 
“According to ordinary potential theory, electrons uniformly 
distributed throughout a spherical shell should exert no forces 
on electrons inside the shell, but should repel thos 5 c outside the 
shell as though the electrons in the shell were concentrated at 
the center. On the other hand, an electron in the spherical 
shell itself is repelled by the others in the shell as if one-half 
of the other electrons were removed altogether, while the sec 
ond half were concentrated at the center. 'I'hus, let us con,sider 
a carbon atom {N ~ 6 ) which has taken up 4 extra electrons 
and has completed its octet. An electron in the outside shell 
is thus attracted by the nucleus which has 6 positive charges, 
is repelled by the two electrons in the first shell as though they 
were concentrated at the center, and is repelled by the 8 elec- 
trons in the outside shell as if 4 of tlicm were concentrated at 
the center. The repulsion of the electrons is thus only just 
able to neutralize the attraction by tlic nucleus, notwithstanding 
the fact that the whole atom has an excess of 4 negative charges.” 
In the case of an oxygen atom (N = 8) which has acquired two 
electrons to complete its cluster of eight electrons, an electron 
in this outer cluster is attracted by the pasitivc charge of eight 
units and is repelled by the equivalent of a negative charge of 
six units (by tlie two inner elcctnms and by the outer eight as 
if four were concentrated at the center). Tliere is thus a strong 
extra attraction holding these additional electrons to the neutral 
oxygen atom. Fluorine would hold a single extra electron still 
more strongly.®’ 

Op cit , p. 909 

This discussion considefed only the case where the electrons were distiibuted 
uniformly throughout a shell. A similar state of affairs will exist if the inside 
electrons are in revolution. 
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We can thus account for the existence of a tendency to add 
electrons beyond the number numerically equal to the charge 
on the nucleus but we are unable to state why electrons will 
add on to the atom to form clusters of eight rather than seven 
or nine or some other number®® and why the formation of the 
cluster of eight results in such a great condensation of the fields 
of force about the atom. For our purposes the recognition of 
this tendency is all that is necessary. 

Chemical valence- Valence, then, might be defined simply as 
the tendency for the electrical (and probably also tlie magnetic)® 
fields to condense together to the greatest possible extent with 
the possession of an outside cluster of eight (also sometimes a 
cluster of two and sometimes a cluster of twice eight) electrons. 
The repetition of properties after the addition of eight elec- 
trons and the existence of a tendency to add electrons with 
the formation of clusters of eight were recognized by J. J. Thom- 
son;® they underlie the application of the “magneton” atom of 
A. h. Parson® and the “cubical atom” of G. N. [A'wis;® and they 
form the basis of what Langmuir'’ has chosen to call “the octet 
theory of valence,” which is simply the application of this un- 
deniable tendency to the representation of chemical compounds.®* 

Doublets.- •■'T'wo electrical charges of opposite sign form a 
doublet, the moment of which with respect to an outside point 
(roughly, the effect of which upon an outside point) increases 
as the distance apart of tlic poles becomes greater,®^ Such doub- 

klcuof tvlls an explanation of this, but it must be home 

in miiul that his work only j»ives u possible geometrical arrangement of points of 
one kind al)out a point of a differetit kin<l find docs not discuss how such a system 
i'oidd be physically stable. If the only forces of attraction and repulsion acting 
urt‘ those witli which we are now familiar, such an atom model is unstable. As 
long ns this theory is ust‘<l simply as a couwnient aid in picturing the atom it may 
prove useftd to the chemist, but os yet no evidence 1ms been presented to show 
that this model represt^nts the actual arrangement of the electrons in the atom. 

As wiis (‘ttrlier implied, thes<* various discussions are not setting up new the- 
ories of valenct* but are indicating the explanation which the knowledge of the 
structure of the atom has to offer of the facts of valence as we have learned them. 

A doublet of this sort can be conveniently pictured. The fields of force between 
two electrical charges can be represented by hnes (really tubes of force) passing 
from one to the other. The number of the lines serves as a measure of the intensity 
of the field. If the two charges arc close together, the lines of force are for the 
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lots will exist within an atom possessing electrons and a pos- 
itively charged nucleus.®'’ The formation of the clusters of eight 
electrons so condenses together the lines of force about the atom 
that their moments with respect to other atoms are nearly negligible. 
Where the outside loosely bound electrons are concerned, the 
fields about the doublets become of the utmo.st importance in 
determining the chemical and physical properties of bodies. 

Magm'tk fields of the atom. — ^I'his discussion has taken no 
account of the magnetic fields about the atom. That atoms 
are possessed of fields of their own is shown by the effect of large 
outside fields upon the spectrum lines,- -the Zeeman effect- 
and by various other lines of evidence.®'’ Tt is probable that a 
detailed discussion of these magnetic effects would remove many 
of the diffiailties arising from the application of .such a theory 
as the present one. Certainly vsuch a discussion must accom- 
pany any entirely general or quantitative theory. The “mag- 
neton” theory of A. L. Parson® is an attempt in this direction. 
Contradictions to some of the most commonly accepted ideas 
(such as the point-electron and the Rutherford type of atom) 
which Parson’s theory presents make it simpler to neglect, at 
present, consideration of magnetic phenomena. It is probable 
that the magnetic forces influence in a marked degree the in- 
tensity of bonding between atoms but that their con.sideration 
will not introduce any new kinds of linkage. 

Forces between aieww.-— Conditions of equilibrium reijuirc the 
action of forces of attraction and repulsion. Uncertainties eon- 
ceniing the size of the atom make themselves felt in a considenv- 
tion of the forces of repulsion. We find that the distance be- 
tween the atoms in a solid®’ is of the order lo *' cm. 'I'he actual 

most part concentrated in the small space betwetMi the tdiJirKcs, so llml tlx* in- 
tensity of the field at any point (m) at a distance from Ixitli charges is slight. In 
other words, the moment of the doublet with rc*siK*cl lo the point is small. If 
the separation of the charges is greater, the field will be more spread out, moie 
lines of force will pasvS through m, and the moment of this new doul)let with respect 
to m is much greater. 

** J. J. Thomson, op. cit. 

« Sec W. J. Humphreys. Science, N. S. 46: 273-279. 1917, 

” W. H. Braqg and W. I^. Bragg. X-rays and crystal structurct Chap, VII. 
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size of the atom may be very small compared with this distance. 
Atoms in a solid would then be held apart by some repulsive 
force, the intensity of which must decrease rapidly from the 
origin. Conccniing its possible nature we have no inkling. 
Presumably the heat vibrations would aid this force. But the 
diameter of the atom, meaning the diameter of the outermost 
ring of electrons, may be comparable with the distance apart of the 
atoms. The tightly drawn-in fidds about the closed groups of 
dectrons make the atom, except for a few valency dectrons, 
behave like an dastic solid, so that two atoms can interpenetrate 
only to an extent involving these outside electrons. This effect, 
together with the thermal agitation, is quite suffident to explain 
the ordinary phenomena observed. The assumption of a fur- 
ther repulsive force, essential to the other theory, does not 
seem necessary. The view that the atoms are hdd apart simply 
as the result of their own impenetrability and thdr thermal 
vibration will therefore be used. 

llie influences of which we are aware tliat affect the combina- 
tion of atoms one with anotlier are then: 

1. The electrostatic attraction between positivdy charged 
nuclei and negatively charged dectrons. 

2. The large condensation and drawing in of the fidds of force 
which accompany the formation of certain dusters of dectrons 
(two, eight or twice dght). The result of (i) and (2) is an ap- 
parent tendency to form clristcrs of electrons. 

The Ihennal agitation of the atoms (and probably in certain 
cases groups of atoms acting together) wliich acts as a force of 
repulsion. 

The magnetic fields (our ideas of which arc at present of 
an iiHlefinite nature). 

Kxleiior struiture oj the elements. —An alkali metal results 
whwi the total number of dectrons needed to form the “dosed 
clusters,’’ including the outermost “closed duster,’’ is i less 
tlian that rc(iuired to neutralize the nudear charge, i. p., there 
is one outside or “left-over’’ electron. The dosed cluster in 
the case of lithium contains fewer electrons than dght, pre- 
sumably two. So few dectrons can hardly be expected to draw 
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in very completely the fields about the atom. With sodium, 
possessing a single cluster of eight electrons, the fields su-e more 
condensed. Where clusters of twicc-eight ■ electrons arc effec- 
tive (potuHvSium, nibklium, caesium) the outside fields become of 
little importance, Tliis suggests an explanation for the marked 
difference in properties exhibited by the transition elements of 
a group. As the atom gets larger the detachable electrons be- 
come farther removed from the nucleus and consequently less 
tightly bound. Elements of the stdj-grouj) have a single cluster 
of eight so that, although they resemble the alkalies in having 
a single outside electron, the forces about the atom which tend 
to enmesh and hold (he electron are very much greater. 

The atoms of the other groups will be similarly constituted. 
Those of the .second group possess two outside electrons, the 
third three, and so on, up through the eighth group. 

For the eighth group tlie theory is not so simple. In this 
group there is a single cluster of eight electrons and no outside 
electrons. The atom is quite complex, however, and a single 
cluster of eight electrons is unable to close the fields completely. 
As a result the atom possesses considerable reactivity. The 
facts of chemistry show that, perhaps on account of the vigor 
of these forces, two and sometimes three of these electrons can 
be detached. The existence of three similar elements in this 
group is conveniently explained by the assumption that at this 
point, when the two additional electrons are added, rearrange- 
ments of the internal rings are more stable than the addition 
of an outside electron.®* 

The character of the rare-earth elements could be explained 
by an assumption like the last one, namely, that when this point 
in the periodic scries is reached, the stable arrangcmmits, for a 
number of successive increases in the nuclear charge, result 

The system Is seem to be tending towards a more stable condition with ouch 
readjustment. The outside fields become more and more drawn in and the el<‘C- 
trons become less loosely bound. This is shown by the transition in properties 
from iron, (less stable) and Fe'" (more stable), through cobalt, Co'** (less 
stable) and Co** (more stable), to nickd, Ni" only. 

The assumption made by Langmuir that ten electrons are necessary to form 
the first half of the larger closed groups is about as satisfactory. Tn the al)st^uce 
of any real information upon the subject either can be used. 
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from a rearrangement of the electrons among the interior rings 
rather than from the addition of electrons to the atom surface. 
But this assumption, in common with every other yet made 
regarding the arrangement of the electrons in the eighth-group 
and rare-earth metals, is not very satisfactory as a description 
of the real arrangement of the electrons in these atoms. 

The behavior of hydrogen is interesting. In water solution 
of many of its compounds it behaves as if strongly “electro- 
positive.” This would indicate that it lost an dectron with 
great readiness. But iu most of its properties hydrogen acts 
like an element which holds on to dectrons with great tenacity: 
its salts with weak anions are much less dissodated than the 
corresponding alkali salts; it occupies a position quite low in 
the electromotive series table; many of its compounds are vol- 
atile, and its diatomic molecule is very stable. This apparently 
anomalous behavior of many hydrogen compounds follows di- 
rectly from the structure of its atom. As long as hydrogen pos- 
sesses a single dectron, it holds on to it energetically and tends 
to ac<tuire smother to close its fidds; if the dectron is removed, 
the only force exerted by the atom is due to the attraction of its 
single positive charge. 

TUB STRUCTURE OP CHBMICAE COMPOUNDS, PARTICUEARDV SOEII>S 
Polar and nmi-polar compounds . — ^All chemical compounds 
may be considered as included within the following extremes, 
compounds tlie constituent atoms of which are dectricaUy 
X. Charged, 

2. Neutral. 

If the atoms are charged, the compound is “polar;” if neu- 
tral, it is what is now called a “non-polar” compound.*® 

In a polar compound the tendency of the dectronegative atom 
to t'omplete a duster of dght is so much greater than the attrac- 
tion of the positive nudeus of the dectropositive atom for the 
outside electrons that the dectronegative atom is able to remove 
them completdy. 

« W. C. Bray and G. B. K. Branch. Joum. Amer. Chem. Soc, 35: 1440-1447- 
1913. 
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A uon-polar compound is held together by the entangling of 
the Gelds of force about the constituent atoms. No electron 
tran-sfer occurs. Bach atom may be considered as drawing 
electrons from another in the endeavor to complete a stable 
group. In such a union as this, one unit of valence is etpjivalcut 
to two “free" chemical “links," that is, one chemical “bond” in 
the compound. Such a non-polar compound would of course 
have to be formed between atoms which held their electrons 
with about equal intensity. 

All gradations between these two extremes probably occur 
where the bonding electrons, taking up positions between the 
two atoms, may be thought of as belonging to both. Most 
compounds, especially in the vapor state, must lie in this inter- 
mediate class. A given compound is not necessarily polar or 
non-polar in all its states of aggregation; it may shift from one 
class toward the other. In the solid and liquid states the close 
proximity of other atoms has a strong influence upon the prop- 
erties of a molecule.” 

States of aggregation . — When the total attractive forces be- 
tween the units (molecules) of a substance is less than the repel- 
lent forces of thermal agitation, the molecules will part from 
one another and the substance is said to be in the gaseous .state. 
The less the attractive force compared with the tliermal agitation, 
the more “perfect” will be the gas. A liquid results when these 
residual fields (stray doublet fields) just exceed tlie effects of 
the heat vibrations. When the fidds become relatively very 
large and the atoms are able to take up definite positions, the 
substance solidifies. Of greatest importance in causing the 

J. J. Thomson (op. cit) has imlicated this fact llsinj; Uic idea of h^ariwlciy 
tubes of forct% as he docs, we would say tlwit tmless a cIusUt of oiKht i** formed 
the valency electron, to l)c fixed in position, requires that it shall have tutns of 
force running to two atoms, one other besides tlie one to which it belongs. This 
will be quite evident when typical cases, chlorine and methane, have been con- 
sidered. 

When molecules approach one another, there will be an interlocking of their 
stray fields. A certain weakening of the fields of the molecule it&clf will result. 
With doublets of large moment, where the separation of the charges is great, the 
fields will be spread out and the interlocking may be of marked effect upon the 
molecule. 
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individual molecules to stick together are the electrical doublets. 
'Phe greater their moments the more important -will be their 
effect upon neighboring atoms. Consequently polar compounds 
tend to be strongly aggregated. Nearly aU such compoimds 
are solids at ordinary temperatures. The lower the temper- 
ature tlie less the repulsion and the more the particles ding 
together. At a sufficiently low temperature, the absolute zero, 
a substance possessing even the smallest outside fields would 
be a solid simply because the heat motion of the atoms, and 
consequently their repulsion, vanishes. 

The effect of the intensity of combination is complicated. 
If the bonding forces in the gas molecule of a particular com- 
pound are so large and the residual forces so small that the 
molecule remains a definite entity in the liquid and solid states, 
it will in general be true that the greater the bonding forces, 
tlie more bouud-iu will be the fields and the less will be the 
degree of condensation. If, on the other hand, we have a com- 
pound in which the molecule as we ordinarily understand it 
disappears in the condensed states, and the entire portion under 
consideration appears as one large molecule, it would seem to 
be true that the more intense the bonding the more condensed 
is tlie system. 

Foimutiou oj molecules in }ion-polar substances . — ^At room tem- 
pcniture the molecule of chlorine is diatomic. The chlorine 
atom possesses .seven outside electrons and the tendency to pick 
up one more .and close the cluster is considerably greater than 
the repellent effect of the heat vibrations. The molecule can 
be represented .somewhat as follows:** 


Then' ts a wrtaiii iuUwst and importance attached to the rei>resefttatiott ol com- 
IKnindM by Uit* use* of (craphicol formulas. The convenlious in common use do not 
iiuUeatc the luiUirc of the forces between atoms. The representation, by G. N. 
IfCwis (op. cit.), of the distribution of the outside electrons between the atoms in 
clictuicul comimunds is a distinct advance in the writiug of graphical formulas. 
But his method has certain disadvantages. It is often tedious and, moreover, 
unless contiderablc space is devoted to the formula, it does not diow the positions 
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each atom striving to daim an electron from the other. 
This arrangement will quite completely clase the fields about 
the molecule a.s a whole and the diatomic chlorine molecule 
(Clj) will possess relatively little residual nflhiity. As the 
teiniM'rattire is raised the increased energy results (i) in a 
larger vibmtion of the atoms within the molecule, and (2) 
more especially in the increased violence of the motion 
of the molecule as a whole, 'llius there will come a time 
when some of the molecules will be traveling with so great 
a speed that the violence of their collisions will be sufl'i- 
cient to cause the splitting of the molecule. At this point we 
begin to have monatomic dilorinc. The number of simpler 
molecules increases faster Uian the increase in temperature at a 
rate depending upon the importance of factor (i). The ampli- 
tudes of the atomic vibrations depend in an inverse ratio upon 
their weights and tlic intensity of the bonding. It is to be ex- 
pected that tixe disisodation of a weak compound under the 
influence of heat will proceed at a faster rate than when the 
union is strong. Increase in temperature raises the reactivity 
because with larger intra-molecular vibrations the fields of force 
of the electrons. The pictures used by Tvcwis and adopted by lyangmuir jfive, ns 
representations of space models, a truer idea of the actiuil .state of alfairs within 
compounds, but, by reason of their complexity, are not in most enses suflicic'uUy 
useful to be practicable. 

It has l)een found useful to desigtmte the mode of combination, where this n<id(‘d 
mfonnation is of value, by the following niodificatious of the ordimirv oheinical 
"boivis,” The passage of an electron from one atom to anollicr is shtwn by a 
fulbiwnwted arrow. Cuesinni chloride, in which Iht^ cliloriu<‘ atom 1ms e,iptine<l 
the outside electron of the caesium atom, is T? — ^ Cl, Tlie holdiiiK of nn ele(* 
tron in an c(iuilit>riuin position lx‘tweeii two atoms, as in hi online vapoi wh**n» 
eacli bromiue atom of tlie bromine molecule is striving to ac<|uite out* eleetion 
from tlie other bromine atom, cun be indicated by a half pointed airow pointing 
in the direction of the displacement of the electron (tis, Hr Hr) If it is of 
advantage to know the api>roximate amoimt of this dtsplucement, which seives 
of course as a measure of tli(^ doublet ileUls set iii), this can U* done by cutting the 

arrow with a dash at the approximate position of the (‘lection. Thus A — ^ 

would mean that B was drawing one of ek^cLnnis with a pull sufru‘u*nt to 
displace it to a position half the way towards B, 

The diagrams given in the text arc a combination of this method of representa- 
tion with the idea of showing the distribution of all the outside chTtrons. 
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arc gradually becoming more opened up and hence more readily 
broken up by other atoms. 

As the temperature is lowered, if the pressure is made sufS- 
ciently high, that is, if as many molecules are furnished within 
a definite space as could possibly be needed, the tendency of 
the molecules to stick together will approach in value the tearing- 
apart tendency of the heat motion. The critical temperature 
is the point where these opposing tendencies are equal. At no 
higher temperature can the gas be liquefied; at all lower tem- 
peratures the substance can be condensed. As the temperature 
of the liquid is lowered the motion of the molecule becomes less 
and less till at a certain point the residual forces of attraction 
(stray fields) become able to hold the molecules in definite posi- 
tions. This happens at the melting point. According to this 
view solid chlorine consists of molecules held together by stray 
fields. Valency forces are involved in holding the atoms together 
in the inolcailc.®* 

Methane is a subslunee of the same tjTpe. A molecule of 
metliane may be repi-csentcd thus: 

(E) 

n 

(H) 

It has a normal dielectric coUvStunt and presumably does not 
po.sst*ss any doublets of large moment.® This indicates that 
the tendencies of either carbon or hydrogen to acquire demons 

It is possibU* tiuit with the* close proximity of other iiiotns, both the higoiiig 
*111(1 the (UitKoiuK tiiiions will not renuiin directed towtinh the same atom In 
that cast* each atom would Ik* linked by primary valence with two atoms, each of 
which would be luikod witli other atoms and so on tliroughout the mass. With 
this stale of aiTuirs the molecule os ordinarily understood would lose its identity, 
'riic smallest unit, aside from the atoms themselves, becomes the entire mass, 
'riiis is a possible structure for solid chlorine. There is at present no evidence in 
its favf>r. If this second view is correct the vapor subliming from the solid ought 
possibly to coulaiu an appreciable number of monatomic molecules. 
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to complete the clusters are not nearly so great as the tenacity 
with which hydrogen and carbon retain electrons. 'I'lie elec- 
trons c<mse<iitcntly are not appreciably displaced from their 
iHluilibrinin positions. 'Phe stray fields are relatively small and 
the gas li<iuefics at u rather low teinpt'ratnre. 'Pile elu'inieal 
nioU'cules preserve their identity in the liquid and solid states, 
being held to one another by the relatively slight secondary 
attraction. 

Carbon compounds in general are characterized by groat 
stability, due to the intensity with which carbon clings to its 
electrons, and by the smallness of the residual attractions jios- 
sessed by tlie moleailes of such compounds. In passing hor- 
izontally along the periodic table, when carbon is reached tlic 
tendency to add electrons with the formation of a stable cluster 
is not as yet so great that carbon is able to capture electrons 
from other atoms, and consequently there are no doublets of 
large moment. The properties of organic compounds in general 
force the conclusion tliat in the solid and liquid states the chem 
ical molecule remains just as definite an entity as in tlic vapor. 
Practically all but the Amplest compounds are solids or liquids, 
in spite of the weahness of the residual forces, because such large 
molecules require a considerable amount of heat energy to pm- 
duce even a small displacement.®* Certain kinds of organic 
compounds, such as the alcohols, acids, and nitro- and nitrilc- 
compounds, are more associated than would be expected. 'Phis 
is due to their possessing doublets of considerable moment.® 

Formation oj molecules in polar substances.- With compound.s 
of the polar typo the mechanism is quite different. 'Phe ten- 
dency of chlorine to acquire one electron is so great and the 
holding power of sodium for the one outside electron is so weak 
that in a molecule of sodium chloride vapor the electron may 
be considered to have gone over mo.st of the way to the chlorine, 
A molecule of sodium chloride vapor may be represented thus: 



Infonuation from the spedfic heats a&d from the voriiitioiii. in tlie six-cific 
heal with temperature should be of interest in this connection. 
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A doublet of veiy large moment exists in this molecule and 
soditun chloride vapor would be expected only at an elevated 
temperature. In the soUd and liquid states each sodium atom 
(except tho.sc upon the surface), pojiitively charged by the loss 
of an electron, is siuroimdcd by several chlorine atoms, all 
negatively charged.®" These other chlorine ions, each posses- 
sing a pull upon the sodium ion, will more or less completely 
tear apart the fields which in the gaseous state bind the sodium 
atom to one particular chlorine atom. Sodium chloride be- 
comes a body of ions held together mainly by the electrostatic 
forces of attraction between opposite charges. A cross-section 
of a crystal of sodium chloride would appear thus:®* 

a") 0 0 (■) 0 O 

© 0 ® O © 0 ® 

e © G ® © ® © 

© 0 © G © © © 

O © 0 © 0 © © 

© © © G © © ® 

© © 0 © © © © 

The gaseous molecule disappears quite completely. A study 
of the effect of a sodium chloride crystal upon X-rays leads to 
belief in such a structure.*’' 

Concerning tlie liquid vState of sodium chloride we know prac- 
tically nothing. It would seem most reasonable to assume a 
structure similar to that possessed by the solid, with the added 
fact of mobility; that is, an agglomeration of an equal number 
of positive and negative ions. When such a solid sublimes, ions 
should appear in the space above.*® In general all crystals made 
up of strongly electropositive and electronegative elements are 

** ScKHiitii chloride pohhos<k*s absorption batuls in the extreme infra-red which are 
produced hy tlutrgetl particles of atomic mass, 

Thw slnicture for sodium chloride asid similar crystals has l:>een suggested by 
vStAttK, Vrinz d, Atomdynamik, XII. p. X93' 

W n. and W. b. Hkacm}. X-rays and crystal structure. 

The chemical jnoU*cule is in certain cases a natural consequence of the belief 
in atoms. It is not, however, in all cases a necessary consequence. If we are to 
imagine two or three atoms, each with a certain tendency to react, coming together. 
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of this tyi>c. Sodimn nitrafe and calcium carbonate*^ arc exam- 
ples. In these cases the nitrate and carbonate ions act as single 
units. 'I'lin'c factors arc of importance in dctcrniiniuft the 
crystal form of such substances: 

1. The stable urran!i?ement of points in spatx' which t'orre 
spond in ('hurj^e and nuiuber with the ions t>f the substance*. 

2. 'I'lie nmnber and arranftenient of the atoms inakinjf up the 
ions. 

3. 'I'he volumes of the ions. 

'I'he sodium chloride arrangement is the simplest po.s,sible 
for the grouping of an e((ual numlier of positive* and negative 
particles of about e<(ual volume. vSodium nitrate and calcium 
carbonate have the same stnicture as sodium chloride, the 
nitrati* and carbonate ions replacing tlie chlorine ions. 

Vah'ury nmtlvmuLs. Magnetite (>4) is ati example 

of another general type of compound. In a crystal of magnetite 
each divah'iit iron atom is surromuU'd by four oxygen atoms, 
each trivalent iron atom by six oxygen atoms, and each oxygen 

it is iinlurnl to suppose* that they win <H)mhlue togothor to form a dcnuilc* whole * 
ilu? mcyk'cule. This is whut hapixiiis in tlu* cast* of g5tst*s. Hu* first fictual ovidoiiec 
to show ilK* cxisiotKH* of molwulos «uuc from tlu* study of gaws. Iliis fvidouw 
is funiiblu'fl by the* C»ay«f<ussuc haw of Voluiuvs. TIu* spkiulid sucrc‘ss of tUo 
kinetic theory iu ttcscribiug the behavior of gases pointed in Iht* simu* direction. 
When g«is molecules had lieen shown to exist, a tendency to apply the idea of luole- 
ctiles to ‘'oHds and luiuids ns well made its app(‘nranct*. The extension of llu* gas 
laws to tilt* ease of dilute sohitious sIiowe<I that in this ease* the material of the 
<lissolve<l substauee is <Hstril)tJte<l Uuoughoiit the solvent iu a molwulur c*ondition, 
that is, as single atoms or as groups of u few atoms logelher. Only in ihest* two 
cases, guM's and dilute solutions, have we sure evidence of the t*\istt‘nce of molecules. 
Certain observations upon solutions of solhls iu solhls would seem to indicate for 
them a sttuelure shnilnr to that possess(*d by tiiptid solutions The abnoimal 
l)eUavior of sonu* ptite Ihiuuls lliuls its simplest explanation in the ussumptioii of 
a moleeular structure, Uecmist* of this eerluiuty of the c\ist<‘nce of the molecule 
in gases ami in solutions, and becansi* with organic solids and Ihiitids it Is tiuite iui- 
iwissibk* to itiwgiue any other than a molecular eoinposiliou, chetnists in general 
seem to have felt justified in conchuling that nil matter is molecular in structun*. 
Jt is important to note that this conclusion is only an iiiferenct*, iu no way jusliiieil 
by exiKTimcntal evidence, and that the recent evidence which has api)eafed, lend- 
ing to show that cerhun kinds of solids and liquids are not made up in such a way 
that each piece consists of a large number of chemical molecules, is mer(‘ly de- 
stroying some generally-held opinions and is not in any way contradictory to oitr 
previously acquired knowledge. 
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atom by four iron atoms.*® The diamond, carborundum, certain 
oxides and sulfides, and presumably nitrides and carbides, axe 
compounds of this kind. The elements which go to make these 
substances arc not strongly electropositive or electronegative, so 
that no actual electron transfer takes place. Completely closed 
groups are not formed and each valence unit corresponds to two 
bonds. The atoms in such a crystal arc held together by valency 
forces. The chemical molecule does not appear; the entire crys- 
tal behaves as a single chemical individual. 

It is improbable that liquids of this sort can exist. Certainly 
such compounds cannot be vaporized without undergoing pro- 
found changes. It is possible that at elevated temperatures the 
electronegative element may be able to relieve the other of 
electrons. vSuch a substance, when existing in the liquid state, 
would belong to the class previously described, the polar type 
of compounds. 

Metals belong to the polar type. Just as the close proximity 
of otlier atoms in the case of sodium chloride is sufficient to 
break up the fields binding one particular sodium atom and one 
particular chlorine atom, so in the metallic state the presence 
of other atoms breaks up the fields holding certain dectrons to 
the metal ion. A metal may be considered as a compound of 
metal ion and electrons entirely similar to a liquid of the polar 
type, which is a compound of metal ion and n^ative ion. The 
peculiar properties characteristic of metals are due to the fact 
that the electrons as a result of their minute size are readily 
able to pass between the atoms. This mobility makes the mech- 
anism within the metal resemble that within a fused dectrolyte. 
'I'he atoms in intennetallic compounds, which presumably exist 
as such only in the solid state, arc held together by the same 
forct'S that hold metal ions together in the pure metal. If a 
attain grouping of atoms offers an espedally marked condensa- 
tion and drawing-in of the fidds of force, that grouping will 
appear as one of these compounds. 

Classificatiofi of crystalline solids . — ^The crystalline state fur- 
nishes the greatest condensation of the fidds about the indi- 

»» W. II. Bkaoo. l>hil Mag. (6) 30; 305. i9»S. 8- Nishikawa. Proe Tokyo 
Math. i'liy<i. vSoc. 8: 199. liHS- 
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vidual partidCvR (atoms or molecules, depending upon the ty^ie 
of solid).’” Three limiting types of crystalline solids may be 
said to exist : 

1. ][ 1 <) 1 (\ uh'~Joniung ampouuds. The atoms an' held together 
in molecules by valency forces. The molecules, in turn, are 
held together in the solid by relatively weak stray fields. Com- 
pounds giving solids of this nature do not possess large doublets. 

2. }*olar cmi pounds — The atoms are held together by electro- 
static attractions. The chemical molecule has disappeared. 

3. Valency compounds.- The atoms are held together by val- 
ency forces. The molecule is the entire cry.stal. 

Combinations of these classes and all transition stages be- 
tween them are found. In sodium nitrate the nitrogen and 
oxygen atoms are held together by valency forces to form the 
nitrate ion. The combination between the sodium and the 
nitrate group is polar. The silver and mercury (mercurous and 
merairic) halides are probably midway between (i) and (2). 
In a crystal of silver iodide, because of the vigor with which 
silver clings to the one electron, the dectron may be considered 
as placed part way between the silver and the iodine atoms. 
The molecules of silver iodide are held together partly by the 
stray fields and partly by the Adds of the doublet of relatively 
small moment. 

A brief discussion of certain phenomena which illustrate the 
application of this point of view will now be given. vSome of 
these sul>jects have been considered already from similar points 
of view. " 'fhey are given again either because they are espivially 
helpful to an imderstandiug of tlic previous discussion or because 
of ■^dr importance in the consideration of the stmeture of .soli<ls. 

Dissociating Sohents.- The hydrides of the elecU'onegative 
elements furnish the strongest dissociating .solvents. Methane 
has been dealt with in detail. The fields of its molecule are quite 

If the sul)&taocO is cooled very rapidly it iiuiy lie iiupobsil)lo Un the t>tirticles 
to arrange themselves in an orderly fashion The solid us tlien amorphous. 

U. C. C BaI/Y. Joum. Amer. Chem Soc 37; <)79-y<;3‘ \ nlso papers in 

Trans. Chem. Soc. London. 1 . Langmuir. Jouni Amcr. Chem vSoc. 3S: 2? 21 
229S« 39: 1848-1906. 1917; 40: 1361-1403. 1918. W. D. Hakkins, K. 

C. H. Davirs and G. L. CivARK. Joum. Amer. Chem. vSoc 39; 341-596, 1917. 
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thoroughly saturated. With ammonia the tendency for nitrogen 
to acquire electrons is so much greater than the ability of the 
hydrogen to hold them that the electron of hydrogen is dis- 
placed (j[uite a distance towards the nitrogen atom. Doublets 
of veiy consid<nable moment are tlms set up within the ammonia 
molecule and are of hurge effect upon other atoms or molecules 
nearby. In water, doublets of still greater moment are to be 
distinguished on accoimt of tlie more pronounced tendency of 
oxygen to acquire electrons. In hydrogen fluoride the single 
doublet is of even greater moment. 

In the water molecmle each of the two doublets is of slightly 
greater moment than each of the three in ammonia. However, 
the fields about the molecule of water are much more important 
than those about the ammonia molecule largely because of the 
comparative simplicity of the former. The hydrogen atoms 
in ammonia must lie in three different directions; the water 
molecnilc rcciuires at most two directions, and probably both 
hydrogems would lie in a line (the S5nmmetrical arrangement). 
Consequently the turning of the water molecule in order that 
it may exert its maximum effect is much simpler a process than 
the corresponding process for ammonia.^ Concerning the fields 
about hydrogen fluoride there is relatively little information. 
The molecule is not much simpler than the molecule of water; 
the single doublet does not possess a very much greater moment 
than either of tlie doublets of the water molecule. 

The fields about Hie water molecule seem to be the strongest 
of those considered. In liquid water tlie combination between 
tw(» molecules due to the interlocking of these doublet fields 
draws in the fields so that those about Uie “dihydrol” molecule 
are much les,senod, Ihe diliydrol is a fairly stable compound, 
iiuch a liquid, in which combination with itsdf is po^iblc, is 
said to be "associated.” 'I'he fields are intense enough and 
sufliciently localized to make possible combination between two, 
occasionally more, molecules but not strong enough to cause 
solidification. Organic adds assodate by reason of the intensity 
of the combinations between the — COOH groups of different 
molecules, and alcohols because of the assodation of — OH groups. 
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Adsorption .*^ — ^There will be fidds of force upon tbe surfaces 
of all vSolids and all liquids. The molecules of the gas surround- 
ing the solid likewise possess stray fields of greater or less im- 
portance. One of two things will happen to those gas mole- 
cules which strike the surface of the .solid (or liquid). 

1. If the molecule is moving so fast that its energy exceeds 
that necessary to hold together the two fields, it will be reflected 
from the surface with a loss in energy depending upon the stray 
forces. 

2. Otherwise it will condense and be hdd upon the surface. 
The molecule may by reason of collisions from other molecules 
acquire enough energy to enable it again to leave the surface. 
The average life and the number of atoms upon the surface at 
any one time will depend upon the balance set up between these 
opposing tendendes. As a result of the condensation (adsorp- 
tion) a new surface, really one of the adsorbed substance, is 
produced. 

From this point of view adsorption is seen to depend upon the 
following factors : 

1. The adsorbed substance. The greater the outside fields of 
the molecules, the higher will be the adsorption. 

2. The adsorbing substance. Solids of the valency and polar 
(electrolyte) types diould have large surface fidds and should 
adsorb strongly. Those solids, the partides of which are held 
together by stray fidds only (the organic type), will adsorb to 
only a slight extent if at all. 

SohtbUity . — Solubility results from the entangling of the fidds 
of force of the solute and solvent. The process is influenced by: 

1. The intensity of the residual forces of the solvent. When 
these forces are large, the degree of assodation of the liquid will 
furnish a rough measure of the forces. With weaker non- 
assodating liquids the boiling point, combined with the wdght 
of the molecule, gives the desired information. 

2. The intensity of the residual forces of the solute. The vari- 
ous kinds and degrees of these have been discussed under a con- 
sideration of various t3rpical solids. 

I. Lanoiotr. Phys. Rey. 8: 149^x7^. 1916; Journ. Amer- Chem Soc. 40: 
1361-1403* 1918. 



WVCKOPP: PORCBS bbtwbbn atoms in somds 589 

It seems possible to state as a general rule that strong sol- 
\ents {i. 0., those possessed of large external forces) dissolve 
strong solutes, ■while weak solvents dissolve weak solutes. Weak 
solutes are not usually markedly soluble in strong solvents nor 
is the reverse case true. Water dissolves electrolytes; carbon 
disulfide and benzene dissolve organic compounds; but electro- 
lytes arc not appreciably soluble in carbon disulfide or benzene, 
while water dissolves only those organic compounds which are 
possessed of large fields — ^the acids, alcohols, sugars and the like. 

Solubility results, in fact, from a chemical reaction between 
solvent and solute. In order that marked solution can take 
place, it is necessary that the stray fields about the solvent and 
the dissolving substance shall each be strong enough to “open 
up’’ and make reactive the condensed systems of the other. A 
certain solubility can be considered to exist in all cases unless 
the temperature is carried too low. The ordinary tendency for 
the solute to “vaporize” into tlic liquid will be enhanced to an 
extent depending upon the added stray fields of the solvent. 

The solubility of molecular compounds in non-assodated 
liquids is perfectly straightforward, llicre will always be some 
solubility, increasing in amount as the solvent fields, which in 
such liquids ore already pretty well opened up, become of in- 
creasing importance compared with those of the solute. In 
order that a substance may be strongly soluble in an assodating 
liquid, it must possess fields great enough more or less to break 
up this association. Two types of solids have strong outside 
fields: valency compounds and electrolytes. The fields upon 
the aurfact* of valency solids are due to the tendency of the 
surface atoms to complete thdr clusters of eight electrons. In- 
cept directly upon the surface, a valency compound is very 
thoroughly saturated. The surface atoms wilt be able to com- 
bine -with the solvent molecules, but little action will result be- 
cause of the much greater force within the solid material. Ad- 
sorption, rather than solution, results from this reaction. Elec- 
trolytes possess doublets of large moments which are able to 
open up to a large degree the fields of the solvent. The extent 
of the solution of an electrolyte depends upon 
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1. The degree of assodation of the solvent (which might be 
taken as a measure of the potential reactivity), 

2. The moments of the doublets within the solid, 

3. The stray fields within the solid. 

In solids possessing multiply-charged ions the increase in the 
intensity of the binding fields would, where a condensing together 
of the fields is possible, be greater than the increase in the mo- 
ments of the doublets. There would thus be a smaller tendency 
to dissolve. This tendency to condense together, which would 
ordinarily be found occurring with a double bonding, depends 
upon both the number and arrangement of the atoms within 
the solid. Calcium carbonate is only slightly soluble in water 
while sodium nitrate,*® possessing the same structural arrange- 
ment, dissolves readily. If the ion possesses about it con- 
siderable fields, it may be able to form with the molecules of 
the solvent more or less short-lived compounds. 

This point of view suggests for ionization a medianism some- 
what different from that usually accepted. A salt does not 
usually become ionized at the moment of solution; it is already 
ionized in the solid state. When a otystal of sodium chloride 
is added to water, ions, not molecules, are tom from the solid 
by the process of solution. These ions may, and will when there 
are enough of them present, combine temporarily to form sodium 
chloride molecules. The process of solution and ionization is 
not molecule — >■ molecule — >- ions, but ions — >■ ions — >■ 

solid solution solution solid solution 

molecule. 

solution 

Molecular Complexes . — ^Molecular complexes are formed by 
the interaction of the stray fidds of simple compounds. Molec- 
ular compounds are formed when two molecules hold together. 
Comply ions result from the entangling of a simple ion by the 
fields of a “neutral” molecule. 

Hydrates are typical solid molecular compounds. In order 
that such a compotmd diall be formed, it is essential that both 

** The fact that the carbonate group, being a weak anion, is unable to draw the 
extra calcium electrons near to it with the production of the large doublets present 
in sodium nitrate is also of influence in reducing the solubility. 
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constituents shall be possessed of fairly large outside fields. In 
compounds where the binding electrons are held between the 
electropositive and electronegative portions, the fidds are more 
condensed together and more stable than those of the extreme 
electrolytes. Complexes formed by them are more stable thati 
those involving ionizing substances. The conditions for stability 
of a hydrate can be shown by an example. In a solution of zinc 
sulfate the zinc ions, and probably to a lesser extent the sulfate 
ions, will be combined with varying numbers of water molecules, 
that is, probably some ions will be anhydrous, some will have 
one water molecule attached, etc. As the concentration of the 
solution is inareased, some of the zinc ions will hold to sulfate 
ions forming hydrated as- well as non-hydrated zinc sulfate 
molecules. The non-hydrated molecule of zinc sulfate by rea- 
son of the large doublet it contains will tend to become hydrated. 
There will therefore be in the solution molecules of different 
degrees of hydration which will in turn tend to acquire more 
water molecules and also to associate together. When con- 
centration has progressed far enough, this associating tendency 
will outweigh the reverse action. That particular hydrate will 
continue to grow which offers the greatest condensation of the 
forces involved. This will be usually the highest hydrate within 
which the forces are great enough to overcome the disrupting 
effect of thermal agitation. 

Complex ions . — Complex ions result from the interaction be- 
tween the fields of a neutral molecule and an ion. The ion becomes 
imbedded within the fields of the neutral part. A molecule, in 
order to form the neutral part of a complex ion, must have the 
following requisites; 

1. It must have fields strong enough to hold the ion. 

2. The attractions within the molecule must be such that it 
is not dissociated into ions either as a solid car upon solution. 

Such molecules are furnished by compounds of a type inter- 
mediate between the molecule-forming and the polar classes, 
where the electron is held so strongly by the electropositive 
dement that it can pass only part of the way over to the negative 
atom. The complex formed by the addition of potasium cyanide 
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to silver cyanide is t3rpical. Silver cyanide possesses a structure 
similar to silver iodide. The cyanide ion is less strongly negative 
than the iodide ion, the electron is nearer the silver atom and 
consequently the doublet is of less moment. The fields within 
the silver cyanide molecule are quite intense. When the solid 
is placed in a solution of potassium cyanide, the cyanide ions 
win become by collision imbedded within these drawn-in fields 
between the silver atom and the cyanide radical. This addi- 
tional cyanide ion will so increase the resulting doublet fidds 
that the water molecules are able to cause solution by reason of 
the interaction of their fields with those of the new silver cyanide 
anion in the solid. 

In future papers it is planned to discuss in detail the informa- 
tion which X-ray determinations of the structure of crystals, 
infra-red spectra measurements, and specific heat measurements 
offer concerning the nature of the forces between the atoms in 
solids, and to present the results of X-ray studies of various 
typical crystals. 

SUMMARY 

1. The structure of the atom, as we now know it, is discussed 
with reference to the nature of the forces operating between 
atoms, and it is emphasized that only the arrangement of the 
outside electrons has a bearing on the phenomena usually in- 
cluded imder the term “chemistry.” The arrangement of the 
iimer dectrons cannot be deduced from chemical data alone. 
The outstanding fact is the tendency, still unexplained, to form 
“closed clusters” of dght or twice-eight electrons. 

2. Several typical compounds are considered with reference 
to the nature of the forces producing them. All compounds Ue 
between the two extremes of “polar” and “non-polar” com- 
pounds. A simplified method of representing the type of com- 
bination in a given compound is suggested. 

3. Solid substances are dassified, according to the nature of 
the forces of combination, into molecule-forming, polar, and 
valency compounds. 

4. The phenomena of adsorption, solubility, ionization in solu- 
tion, formation of complex ions, and molecular complexes are 
discussed from this point of view. 
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ANTHROPOLOGY . — Some general notes on the Fox Indians.^ 
Part III: Bibliography. Truman Michelson, Bureau of 
American Ethnology. 

LINGUISTICS.* 

BoaS| Franz. The Indian languages of Canada. Axmual Archaeological Report 
1905; 88-106. Toronto. 1906. 

The description of Algonquin (94, 95) is based essentially on Jones’ first paper. 

Flom, Grorgr T. SytlaHus of vowel and consonantal sounds, in Meskwaki Ltdian. 
1906, Publii^ed by the State Historical Society of Iowa. 

Known to me only by the remarks on p. vi of .1 collection of Meskwaki Manuscripts and in 
the list of names of Meskwaki Indians in the Iowa Journal of History and Politics^ April, 1906. 
The title may therefore not be absolutely accurate. To judge from the orthography of the 
Indian names, the phonetic scheme is deficient. Apparently the author was unacquainted 
with the work of William Jones. 

William. Some principles of Algonquian word-formation, Amer. Anthrop. 
n. ser. 6; 369-411. 1904. 

The first scientific paper on the Fox language. 

JONRs, William. An Algonquin syllabary. Boas Anniversary Voltune: 88-93. 
1906. 

Explains the principles of a number of Fox syllabaries. Only the first one described is in 
current use. At least two others not described by Jones exist; however, their mechanism is 
on the same lines. 

JoNRS, William. Fox texts. Ptibl. Amer. Ethnol. Soc. i: 1907. 

Gives a description of Fox phonetics as he conceives them, and numerous texts. 

JoNRS, William. Algonquian {Fox) (revised by Truman Michdson). Handbook 
American Indian I^inguages. Bur. Amer. Ethnol. Bull. 40, Part i: 735- 
873. 1911. 

Michrlson, Truman. On the future of the independent mode in Fox. Amer. An- 
throp. n. ser. 13: 171, 172. 1911. 

Michrlson, Truman. Preliminary report on the linguistic dassificaMon of Algon- 
quian Tribes. Bur. Amer. Ethnol. Ann. Rep. 28: 221-2906, 1912. 
Michrlson, Truman. Note on the Fox negative Article of the conjunctive mode in 
Fox. Amer. Anthrop. n. ser, 15: 364. 1913, 

Michrlson, Truman. Contributions to Algonquian grammar. Amer. Anthrop. n. 
ser. 1$: 470r-476. 1913. 

Michrlson, I^uman. Algonquian linguistic misceUany. Joum. Wash. Acad. Sd. 
4: 402-409. 1914. 

Michrlson, Truman. The so-called stems of Algonquian verbal complexes. XIX 
Intemat. Cong. Americanists; 541-544. 1917. 

Michrlson, Truman. Notes on Algonquian languages. Intern. Joum. Amer. 
I^mg. i: 50-S7» 19I7- 

Michrlson, Truman. Two proto-Algonquian phonetic shifts. Joum. Wadi. 
Acad. Sci. 9: 333-334- I9i9- 

Michrlson, Truman. Some general notes on the Fox Indians. Part II: Phonetics, 
folklore and mythology, Joum, Wash, Acad. Sci. 9:521-528, .1919- 

Sec 521~d25. There ore some unfortunate misprints, which are corrected in an errata sheet 
preceding the index. 

Ward, Durrn J. H. The Meskwaki people of to-day. Iowa Joum, Hist. Pol. 4: 190- 
219. 1906. 

Gives the more current syllabary; also the phonetic elements of the Fox la n gua g e as he con- 
ceives it. The priority of this paper or Jones' second one is unknown. The phonetic scheme 
is better regarding vowels than consonants. It is deficient in important r^pects. Thephil^ 
sophic tendencies are those of Gobineau, on which see Boas, Mina of Primitive Man, Chap. V 
(1911) and Michelson, Joum. Wash, Acad. Sci. 7: 234. 1917. 

1 Published with the permission of the Secretary of the Smithsonian Institu- 
tion. 

* The vocabularies, etc., contained in the works of early writers, such as Mais- 
ton, Forsyth, Galland, Fulton, and Busby, are passed over, for the words are so 
badly recordi^ as to be utterly useless. 
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WiSi^D, Laisnas G.; Rich, Joseph W.; FtOM, George T. Prefatory note. Coll. 
Mcskwaki Manuscripts, Publ. State Hist. Soc. Iowa, 1907: v-vii. 

Remarks on the alphabet employed by Cha fch ta ko si (ordinarily known as Chuck”) in 
volume; various remarks on the phonetic elements of Pox. Not of much value. The 
fact that j is used for the ch sound does not point to French influence a.s is stated: j in French 
has the value of z in azure; while j in the ^Manuhcripts” certainly for the most }>nrt has the 
phonetic value of dtc. It is more likely that the i is a reflection of English j, heard in a slightly 
faulty manner. The alphabet is certainly not in common use amoin; the Poxes; and T suspect 
Chuck invented it The Indian texts contained in the volume can be used by the specialist. 

PODKDORE AND MYTHOLOGY 

BivAIR, Emma Helen. Indian Tribes of the Upper Missisipi Valley and the Great 
Lakes Region. 21 142-145. 1912. 

The volume contains Marston’s letter to Rev. Dr. Jediah Morse, dated November, 1820; 
originally printed in the latter’s report to the Secretary of War, dated November, 1821, 
printed at New Haven, 1822. The supposed historic statement that the Shawnees were 
descended from the Sauk nation by a (Sauk or Fox?) chief, is nothing more than a (Sauk or 
Fox?) variant of the "‘Bear-foot Sidkers,” on which see Jones, Fox 2'exis: 30, 31. To-day the 
Shawnee tell it of the Kickapoo and uce versa (Michelson, information). 

Busby, AlliE B. Two summers among the Musqi{a,kies. 1886. 

Contains extract from Isaac Galland’s Chronicles, etc. See below. 

Eul'Ion, a. R, [Initials stand for?] The Red Men of Iowa. 1882. 

Contains extract from Isaac Galland’s Chronicles, etc. See below. 

Gai^LAND, Isaac. Chronicles of Northamerican savages. 1835. 

Complete copies arc apparently impossible to obtain. Has impokant information on the 
geutes and tribal dual division. Port of this cannot be substantiated to-day. Portions re- 
printed in Annals of Iowa, 1869, under the title of Indian Tribes of the West (especicdly 347- 
,366), also in Fulton’s The Red Men of Iowa, 1882 (131-134), also in Busby’s Two summers 
amonn the Musquakies, 1886 (52-63). 

Jones, William. Episodes in the culture-kero myth of the Sauks and Foxes. Jotmi. 

Ainer. Folk-Eore 15; 225-239, 1 901 . 

Jones, William. Fox texts. 1907. 

Most important of all publications on the subject. 

Jones, William. Notes on the Fox Indians. Jotim. Amer. Folk-Eore 24: 209-237. 
1911. 

Contains much matter supplementary to his Fox Texts. 

Marsh, C^utting. Letter to Rev. David Greene, dated March 25, 1835, Printed 
in Wise. Hist. Coll. 15: 104-155. 1900. 

Traditions regarding the Me-shaum (phonetically ml'cfim*“i*), We-sah-kah (Wi^SA^lEa*-^*, 
the culture-hero), the death of his brother, the etc. See pp. 130-134. Most of the 
information given can be substantiated to-day. The parts of the letter appurtenant to Fox 
ethnology, folklore and mythology have been reprinted in the appendix to M. R. Harring- 
ton’s Sacred bundles of the Sac and Fox Indians (1914). 

MarsTon, Major M. Letter to Rev. Dr. Morse. 1820. Printed in Morse's Re- 
port to the Secretary of War, 1822. 

See p. 122 for a supposed historic statement which is nothing more than legendary: vide 
under Blair. 

Michelson, Truman, Notes on the folklore and mythology of the Fox Indians. 
Amer. Anthrop., n. ser. 15: 699, 700. 1913. 

Points out that Fox folklore and mythology consists of native woodland and plains as well as 
European elements. 

Michelson, Truman. Ritualistic origin myths of the Fox Indians. Joum. Wash. 
Acad. Sd, 6: 209-211. 1916. 

Michelson, Truman. Some general notes on the Fox Indians. Part 11: Phonetics, 
folklore and mythology. Joum. Wash. Acad. Sd. 9: 521-528. 19x9. 

General discussion of Fox foMore and mythology. 

Owen, Mary Alicia. Folklore of the Musquakie Indians of North America. 1904. 

See the review by Michelson in Cior. Anthrop. Lit. 2: 233-237. 1913. 

Steward, John Fletcher. Lost Maramech and earliest Chicago. 1903. 

A number of stories are scattered throughout the text. 57-59: Bull Head and Elk; Wa-sa-ri 
misprint for Wa-sa^, or a corruption of some sort; phoneticaUy wA'se'm'^'. Michdson 
has a variant of this in his unpubj&hed collection. 59-^2: Wi-sa-ka and the Dancing Ducks; 
valiant to Jones’ Fox Texts, 278-289; a Sauk veirion collected by Michelson agrees in part 
quite closely with tale collected by Steward. 62-65; They who went in pursuit of the Bear; 
variant to Jones’ Fox Texts, 70-75. 345-351: Wa>pa-sai-ya; variant to Jones* Fox Texts, 
8-31, and hjs, NtAes on the Fox indians, 231-233; two unpublished versions coUected by Micl^l- 
son agree more closely with those of Jones than with that of Steward. 
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ethnology 

Armstrong, Perry A. The Sauks and the Black Hawk War, 1887 . 

Quite a bit of Sauk ethuolofry may be gleaned from this. Marred by the .statement (13) 
that with the "Sauks, like all other Indian nations, the gens ran in the female line” — wMch 
is an absurdity, and is not only opposed to the information given by the Sauk Indians of to- 
day, but is in direct contradiction to the testimony of Morgan (1877) and Forsyth (1827; 
see Blair, Evidently the author was under the influence of Morgan’s general theories 

as was McGee iAtner. Anthrop. 1898: 89). 

Atwater, Caleb. The Indians of the northwest. 1850 . 

See especially pp. 72, 76, 81, 87, 93, 104, 105, 106, 107, 115, 123, 129, 130, 132, 175. The 
time referred to is 1829. 

Beltrami, Giucomo C. A pilgrimage, etc. 1828. 

See his letter dated May 24, 1823, in vol. 2. 

Blair, Emma Helen. The Indian tribes of the Upper Missisipi Valley and the 
Great Lakes Region. 1912 . 

Vol. 2 contains Major Marston’s letter to Jediah Morse, dated November, 1820, orudnally 
printed in the latter’s report to the Secretary of War, dated 1821, printed 1822; and Thomas 
Forsyth’s "Account of the Manners and Customs of the Sauk and Fox nations of Indian 
Traditions," a report to General Clark dated St. Louis, Januaiy 15, 1827. These two are 
the best accounts of Fox ethnology. Forsyth’s "Account” is printed here for the first time. 

Busby, Allie B. Two summers among the Musquahies. 1886 . 

Besides containing extract from Galland (see infra), also gives lists of gentes, dances, mar- 
riage ceremonies, description of some ceremonials, burial customs; clothing, etc. These are 
the observations of a former school-teacher, and ore interspersed with more or less interesting 
gossip. The ethnological observations for the most part can be substantiated; on some 
matters (e. g., the "Mule Dance”) the author is hopelessly in the dark as to the real im- 
port. 

Carver, Jonathan. Three years travel, etc. 1796. 

Though published in 1796, refers to thirty years previously, in round numbers. See 30, 31, 
145, 170, 219, 230. 

Catlin, George. Illustrations of the manners, customs, and condition of the North 
American Indians. 1841 . 

Sec vol. 2: 207—217. There ore other editions. Important. Good for certain dances, 
clothing, and ethnological facts. 

Fulton, A. R. The Red Men of Iowa. 1882. 

See Chapters VIII and XXIII e.specially. Contains an extract from Galland, historical and 
ethnolo^col notes. Nccdle.ss to say, the translation of Mus-qua-kie "the man with the yel- 
low badge or emblem” and of Sau-kie "the man with the red badge or emblem” should be 
reversed, and even then the renditions are not accurate; Mus-qua-kie means "Red- Earths:” 
and Sau-kic is often taken (though mistakenly) to mean "Yellow-Earth.” (The last really 
means "They who came forth,*’ Once given "Red-Earths,” "Yellow-Earths” would be 
a popular etymology, though not correct — witness medial -g-, not -'k-, in the native des- 
ignation. 1 

Galland, Isaac. Chronicles of the Nortkamerican savages. 1835 . 

Contains an account of the gcnles, but it is not certain whether the list is for the Sauks or 
Foxes. The dual division is based on some misunderstanding. Complete copies are appar- 
ently not now to be had. Portions reprinted in Annals <rfIov>a, 1869: 194 et scq.; see espe- 
cially 347-366; also in the i>opular books of Busby and Fulton. 

Harrington, M. R. Sacred bundles of the Sac and Fox Indians. 

University Museum Anthrop. Publ. 4, no. 2, 1914. See review by Michrison, Ant, Antkrop., 
n. sfr., 17: 576-577, by Skinner, ibidem, 577-579. Gives a sketch of Sac and Fox culture; 
detailed description of 8 acn*d packs; exquisite photogravures. Besides the references to 
sacred packs given by Michelson, loc, cit., the following are in order: Armstrong: 37; Bel- 
trami, 2: 159; Keating (.see infra), Zi 22*); Rep. Comm. Jnd. Affairs, 1851:66. As long os 
Skinner gives u reference to a presumably Ottawa pack, attention may he called to Ann. 
Prop, Fo*, 4:481. The Potawalomi term for sacred pack is the phonetic correspondent 
to the Ottawa piudikossaii of Perroi (Michelson), as is evidently the Ojibwa pindjigossan 
(taken from Baraga); Cree kiuykipitfigau (from Lacombe) stands by itself; Sauk, Kickapoo, 
Shawnee all have phonetic equivalents to Fox ml’cfimrai' (Michelson, information). 

Hodge, Frederick Webb. Handbook of American Indians. 1907 , 1910 , Bur. 
Amer. Ethnol. Bull. 30. 

See articles Fox, Sauk. Full bibliographies at end. 

Jones, William. The Algonkin Manitou. Journ. Amer. Folk-Eore 18 : 183 - 190 . 


1905. 

Best exposition of the fundamentals of Fox religion. 

Jones, William. Fox texts. 1907. 

Contains incidental ethnological notes. 

Jones, Wii^iam. Mortuary observances and the adoption rttes of the Algonqutn 
Foxes of Iowa. Congres Internatioiial des Americanists, XV*; 263-277. 1907* 

Jones, William. Notes on the Fox Indians, Joum. Amer. Folk-l,ore 24: 209, 


ct seq. 1911. 

Various ethnological notes interspersed with folk tales, 
tribal dual division wrongly given. 


Rules governing membership in 
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Kj^ating, Wili^iam H. Narrative of an expedition to the source of St. Peter* s River — 
in the year 1823. 1824. 

vSee vol. 1. Though primarily concerned with Sauk ethnology, nevertheless should be con- 
sulted. 

Lahontan, Armand Di®, Netv voyages to North America. 1703. 

See 2: S5. 

Long, John. Voyages and travels of an Indian interpreter and trader. 179X. 

See p. 151. 

McKbnnjsy and HaiAv. History of the Indian tribes of North America. 1854. 
Especially good for Fox costumes; contains other valuable facts. 

Marsh, Cutting. Letter to Rev. David Greene, dated March 25, 1835. Printed 
in Wise. Hist. Coll. 15: 1900. 

Reprinted as far as concerns Fox ethnology, etc., in Harrington’s Sacred bundles. Information 
on the whole, good. 

Michbuson, Truman. Notes on the social organization of the Fox Indians. Amer. 
Anthrop. n. ser. 15: 691-693. 1913. 

It is possible that the information given may have to be modified in some details, but not 
the rules given governing membership in the tribal dual division; and the general proposi- 
tion that the dutu division is for ceremonial as well as for athletic purposes stands. 

Michbuson, Truman. Terms of relationship and social organization. Proc. Nat. 
Acad. Sci. 2: 297-300. 1916. 

General discussion of terms of relationship; and Algonquian ones in particular. Discussion 
of the Fox system is incidental. 

Morgan, Lbwis H. Systems of consanguinity , etc. 1871. 

The "Sauk and Fox" system is from Sauk informants; some schedules are faulty; the Sauk 
and the Pox systems ore identical (Michelson, information). 

Morgan, Lbwis H. Ancient society. 1877. 

Gives list of gentes, but whether Sauk or Fox is unknown. The two tribes, though legally 
consolidated, are distinct ethnologically and linguistically. 

OwBN, Mary Abicia. Folk-lore of the Musquakie Indians of North America. 1904. 

The ethnological data are untrustworthy: see the review by Michelson, Curr. Anthrop. Lit. 
2:233-237; that of "A. F. C. and I. C. C." in Journ. Amer. Folk-Lore 18: 144-146 is a bare 
enumeration of the contents of the volume without any attempt at criticism. 

Pattbrson, J. B. Autobiography of Black-Hawk. 1882. 

Has data on Sauk ethnology and so is of value. 

PiED$, Zbbubon Montgomery. An expediUon, etc. (ed. Coues). 1895. 

See 338, 339. 

Reports op the Commissioner op Indian Affairs. 

For facts beyond population and stalistics see reps, for 1851: 66; 1896: 162; 1897: 148; 1898: 
161, 166, 171; 1901: 240. As a whole reliable. 

institutions at which therb are pox ethnological collections 

American Museum of Natural History. Collector: Wibbiam Jones. 

Cambridge University Museum of Archeology and Ethnology. Collector: Miss 

Owen. 

Davenport Academy of Sciences. Collector: Truman Michebson. 

Field Museum of Natural History. Collectors: Wibbiam Jones, Truman Micheb- 
son, and one or two others. 

Museum fur Volkerkunde (Berlin). Collector: Truman Michelson, 

One sacred pack. 

Museum of the American Indian. Collectors, M. R. Harrington, Truman 
Michelson 

United States National Museum. Collector: Truman Michelson. 

Sacred packs only. 



ABSTRACTS 

Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. 
The abstracts should conform in length and general style to those appearing in 
this issue. 

GEODESY . — Grid system for progressive maps in the United States. 
Wii/UAM Bowm and Oscar S. Adams, U. S. Coast and Geodetic 
Survey. Special Publ. 59. Pp, 227, figs. 6. 1919. 

This publication contains tables, with the description of their use, 
which make it possible to construct a ‘‘grid'* on any map in the United 
States, similar to the grids used on military maps in Europe during 
the war. The basis for the grid system in the United States is the poly- 
conic projection. The polyconic projection lines cannot be used to advan- 
tage in military operations where it is necessary to compute quickly 
the distance and direction between two points, but by means of a plane 
coordinate system, the relation between any two or more points can 
be obtained easily by the solution of right-angled triangles. The 
values in the tables in this publication are the plane coordinates for 
the intersections of 5-minute paraUels and meridians. The country 
is divided into seven zones and any coordinate can be used for each 
of the seven zones by merely shifting the longitude by 8 It was imprac- 
ticable to have a single zone for the whole cotmtry, because of its wide 
extension in longitude. The zones in the United States extend in a 
north and south direction and are 9® in width. Each zone overlaps 
the contiguous zones by i ®. This makes it possible to avoid a com- 
plete break in the plane coordinates at the margins of the zones. The 
grid lines of two zones can be used on the maps in the overlapping 
areas and thus provide a connection between them. 

The origin for each zone is outade of the United States and is to 
the southwest of each zone. By having the origin in this location 
all of the coordinates within the zone are positive. The X-coordinates 
increase to the eastward and the Y-coordinates to the northward. 

A careful study was made of the various projections in general use 
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before deciding on the one to be used as the basis for the grid tables. 
The lyambert projection, which was used in Prance, was not applicable 
to the United States because of the great range in latitude in this 
country. 

The publication contains examples of the transformation of the 
geographic to grid coordinates and the reverse. While the tables were 
computed especially for use in the construction of military maps in 
the United States, it is possible that the system may sometime be used 
on maps for civil purposes. W. B. 

PHYSICS . — Specific heal determination at higher temperatures, Wai^- 
T^R P. WhiT]S. Amer. Joum. Sci. 47: 44-59. January, 1919. 

This paper deals with the experimental technic of specific heat 
determination at temperatures up to 1400® by the ‘'method of mix- 
tures,” and continues some earlier presentations. Detailed modifica- 
tions in furnaces and in methods of transferring to the calorimeter are 
described. The heat losses attending the dropping of hot bodies into 
water proved to be surprisingly large; their prevention is probably 
advisable in accurate work, perhaps by the use of aneroid calorimeters. 

W. P. W. 

PHYSICS . — The determination of the compressibility of solids at high 
pressures, L. H. Adams, E. D. Wmi/iAMSON, and John Johnston. 
Joum, Amer. Chem. Soc. 41: 12-42. January, 1919. 

This paper describes a method by means of which the volume- 
change under pressure of a solid may be determined with an accuracy 
of about one part in 10,000 of the original volume of tlie solid. 
Results are presented for the metals gold, copper, silver, aluminum, 
zinc, tin, cadmium, lead, and bismuth; for the alloys brass and tin- 
bismuth eutectic; and for sodium chloride, calcium carbonate, and 
silica, both crystalline and amorphous. The pressure range was 2,000 
and 12,000 megabars (i megabar = 0.987 atm.). The P — AY graphs 
which show the relation between volume-change and pressure were 
found to be nearly straight lines; however, the more compressible 
metals exhibit a slight but unmistakable curvature such that the 
graphs are concave toward the pressure axis. From this curvature a 
rough estimate was obtained of the change of compressibility between 
o and 10,000 megabars of all the solids examined (except gold, copper, 
silver, aluminum, and brass, for which the compressibility is inde- 
pendent of pressure within the error of experiment). J| U. H. A. 
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INORGANIC CHEMISTRY. — The thermal dissociation of sulfur di- 
oxide, J. B. Fbrguson. Joum. Amer. Chem. Soc. 41: 69-72, 
January, 1919. 

The degree of dissociation and the equilibrium constants for the 
dissociation of sulfur dioxide have been calculated from the equilibrium 
measurements of the reduction of sulfur dioxide by carbon monoxide 
and the dissociation of carbon dioxide, and the results of these calcu- 
lations for a number of temperatures and pressures are given in this 
paper. The values obtained confirm the experimental results whidi 
indicated that the dissociation was too slight to be directly studied by 
the present available methods. J. B. F. 

ANALYTICAL CHEMISTRY. — A contnbuiion to the methods of glass 
analysis, with special reference to boric acid and the two oxides of 
arsenic, E. T. AnniSN and E- G. Zms. (Geophysical Lab. Papers 
on Optical Glass, No. 5.) Joum. Amer. Ceramic Soc. i: 739- 
786. Nov., 1918. 

Arsenic, An accurate method for the separation and determination 
of both trivalent and pentavalent arsemc in glasses is described. The 
separation depends on the volatilization of the trivalent arsenic as 
AsFa when the glass is heated with hydrofluoric and sulfuric adds, 
while the pentavalent arsenic remains in the residue. The procedures 
described for arsenic in glasses are generally applicable to substances 
in which the arsenic can be transformed into sulfide without loss, and 
arc highly accurate. A comparison of the iodometric method and the 
magnesium pyroarsenate method for arsenic in glasses is made. The 
former has the advantage in accuracy, and also in speed except where 
occasional determinations are called for. 

lioric Acid, For the determination of boric add we have found 
that Chapin’s method is very reliable and yields highly accurate re- 
vsults. It has been shown that in order to obtain very accurate results 
a * ‘blank” must be made and the value applied as a correction to the 
amount of boric add found. The correction is small and for ordinary 
work can be neglected. The accuracy of the method is very appre- 
dably affected by relatively large amounts of arsenious add but not by 
arsenic acid. Relativdy large amoimts of fluorides appreciably affect 
the accuracy of tlie determination but do not seriously impair its use- 
fulness for ordinary work. 

Other Determinations, Experience with the following cases in glass 



6oo 


abstracts: G^OIyOGY 


analysis is detailed: (i) The determination of the minute quantities 
of iron in optical glass; (2) the separation and determination of zinc; 
(3) the separation and determination of lead and barium occurring 
together; (4) the separation of calcium or barium from relatively large 
quantities of aluminum occurring with almost no iron; (5) the determi- 
nation of those elements in boric acid glasses with which the boric acid 
interferes. Attention is called to the universal presence of hygroscopic 
moisture in powdered glass samples. Some data by E. S. Shepherd on 
gases in glass are given. E. T. A. 

GEOLOGY . — Salt resources of the United States, W. C. Phai,BN. 
U. S. Geol. Survey Bull. 669. Pp. 284, pis. 17, figs. 16. 1919. 

This bulletin describes the geology of the salt deposits of the United 
States, discussing separately by States the position and extent of 
deposits, and the stratigraphy and structure of the region, and gives 
a bibliography for each State. It also gives theories of origin and 
formation of salt deposits; the chemical composition of saline materials; 
and statistics of the production of salt in the United States from 1880 
to 1917. R. W. Stone. 

GEOLOGY . — Clays and shales of Minnesota, Frank F. Grout. U. 
S. Geol. Survey Bull. 678. Pp. 251, pis. i6, figs. 38. 1919. 

This bulletin comprises a discussion of the distribution, origin, prop- 
erties, classification, and adaptability of the clays and shales of Minne- 
sota. An attempt has been made to test all the more important de- 
posits with suflSdent exactness to determine for what purposes they 
may be used. The general character of each geologic formation and 
the character of the clay products made from it by the several methods 
of manufacture are set forth. Deposits suitable for common brick 
are abundant and widely distributed in many accessible localities in 
the eastern part of the State. The red laminated clay of the eastern 
cotmties makes good red brick and may be used as a slip glaze for semi- 
refractory ware. R. W. Stone. 

GEOLOGY . — The Anvik-Andreafski region^ Alaska. George L. Har- 
rington. U. S. Geol. Survey BuU. 683. Pp. 69, pis. 7, 1918. 

The Anvik-Andreafski region as described in this report embraces 
the territory west and north of the lower Yukon River between Anvik 
and Andreafski rivers and an extensive area of low-l3ring country im- 
mediatdy contiguous to the Yukon on its east and south sides. 
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Greenstones of a rather wide range in composition and origin make 
up a large proportion of the metamorphic rocks. Closely associated 
with the greenstones are slates, quartzites, and conglomerates and 
many intermediate rock types. The greenstones appear to have suf- 
fered the most intense changes, but secondary structure has developed 
in the sediments also. Undeformed acidic dikes cut both the green- 
stones and the sediments. It is tentatively assumed that the green- 
stones, including the tuffs and some conglomerates which occur with 
them, are of late Paleozoic age and that the sedimentary rocks are the 
metamorphosed equivalents of the Cretaceous beds foxmd dsewhere 
in this region. 

Cretaceous rocks were found on Anvik and Andreafski rivers and 
probably occupy much of the intervening area. More or less closely 
associated with the Cretaceous rocks in the northern and eastern parts 
of the region are a series of tuffs and flows of intermediate basic types. 
Some of the flows appear to be intercalated with the Cretaceous sedi- 
ments. In the southern part of the region are a number of dacitic 
porphyry dikes of late Cretaceous or post-Cretaceous age. 

No sediments of known Tertiary age were found in the area, but at 
somewhat widely separated points vesicular lavas occur as undeformed 
horizontal flows which are either late Tertiary or early Quaternary. 
Quaternary deposits are foxmd throughout the region. 

At the beginning of the Quaternary period the surface stood at a 
somewhat higher elevation than now, and the base-level of erosion 
was lower, so that many of the streams were able to carve deeper 
valleys in bedrock than those they now occupy. It appears likely 
that the stream systems had become well established and a fairly 
mature topography had been developed. At some time in this stage 
of erosion there was an extravasation of basaltic lava which materially 
altered the courses of some of the larger streams, possibly including 
the Yukon itself or its predecessor. 

The report concludes with a discussion of the mineral resources of 
the region. R* W. StonB. 
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At the meeting of the Board of Manners on April 30, 1919, the 
special committee on distribution of the Proceedings reported that 50 
reserve sets had been wrapped, and arrangements had been made for 
the distribution of the greater part of the remaining complete sets. 

At the meeting of the Board on May 26, 1919, the following commit- 
tees were authorized and appointed: Committee to present to the 
Congressional commission on reclassification of government employees 
the desirability of enlisting the aid of the National Research Coundl: 
P. G. Agnbw and W. J. Humphreys; committee to prepare information 
concerning scientific and technical positions in the government bureaus, 
for the assistance of the Reclassification Commisrion: P. L. Ransome, 
P. V. CoviDLB, E. B. Rosa, C. S. Scofieud, R. B. Sosman, W. T. 
Swingle. 

At the meeting of the Board on June 30, 1919, the membership of 
the Academy in the American Metric Association was contmued, and 
problems of reclassification, salaries, and retirement were discussed. 

At the meeting of the Board on October 27, 1919, a committee con- 
sisting of Paul Bartsch, P. V. Coville, and P. L. Ransome wm 
requested to make a report concerning the relation of the Shaw Aquatic 
Gardens to the proposed engineering improvements along Anacostia 
River. 

The following persons have become members of the Academy since 
the last report in the Journal: 

Mr. Oscar S. Adams, U. S. Coast and Geodetic Survey, Washington, 
D. C. 

Dr. Aribur Chadbn Baker, Bureau of Entomology, U. S. Depart- 
ment of Agriculture, Washington, D. C. 

Mr. Herbert Spencer Barber, National Museum, Washington, 
D. C. 

Dr. Charles Pranklin Brooks, U. S. Weather Bureau, Washing- 
ton, D, C. 

Mr. Albert Pranklin Burgess, Bureau of Entomology, Melrose 
Highlands, Massachusetts. 

Mr. Ons PiSHBR Black, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, Wadnngton, D. C. 

Mr. Theodore Chapin, U. S. Geological Survey, Anchorage, Alaska. 

Mr. Arthur J. Ellis, U. S. Geological Survey, Washington, D. C. 

Mr. Henry C. Puller, Institute of Industrie Research, Washing- 
ton, D. C. 
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Mr. lyOUis J. GieeESpie, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, Washington, D. C. 

Mr. R. B. Harvey, Bureau of Plant Industry, U. S. Department 
of Agriculture, Washington, D. C. 

Mr. Oeiver Baker Hopkins, U. S. Geological Survey, Washington, 
D. C. 

Mr. James A. Hyslop, Bureau of Entomology, U. S. Department 
of Agriculture, Washington, D. C. 

Mr. James T. Jardine, U. S. Forest Service, Washington, D. C. 

Mr. Nbie M. Judd, U. S. National Museum, Washington, D. C. 

Dr. Lyman Frederic KebeER, Bureau of Chemistry, U. S. Depart- 
ment of Agriculture, Washington, D. C. 

Dr. George Richard Lvman, Bureau of Plant Industry, U. S. De- 
partment of Agriculture, Washington, D. C. 

Mr. S. C. Mason, Bureau of Plant Industry, U. S. Department of 
Agriculture, Washington, D. C. 

Dr. Everett Frankein Phieeips, Bureau of Entomology, U. S. 
Department of Agriculture, Washington, D. C. 

Mr. Fred J. Pritchard, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, Washington, D. C. 

Mr. Arthur W. Sampson, U. S. Forest Service, Washington, D. C. 

Mr. E. Raeph Sasscbr, Bureau of Entomology, U. S. Department 
of Agriculture, Washington, D. C. 

Mr. Joshua J. Skinner, Bureau of Plant Industry, U. S. Department 
of Agriculture, Washington, D. C. 

Robert B. Sosman, Corresponding Secretary. 

134TH meeting 

The 134th meeting of the Academy was held jointly with the Chem- 
ical Society of Washington in the Assembly Hall of the Cosmos Club, 
the evening of Thursday, Mai-ch 27, 1919. Dr. Arthur L- Day, 
Director of the Geophysicd Laboratory, Carnegie Institution of Wash- 
ington, and Vice-President of the Coming Glass Works, Coming, New 
York, delivered an address on Optical glass. The lecturer outlined 
the position of the United States with respect to supplies of optical 
glass botli in 1914, when imports from Europe began to be interrupted, 
and in 1917, when the United States entered the war. The danger 
from American dependence on European supplies had been recognized 
before 1917 and some progress had been made in this country in the 
manufacture of optical glass; but the situation was unsatisfactory, 
because the prospect that the supply would mcrease with sufficient 
rapidity to keep pace with the demands of the American Army seemed 
remote. Inten^ve efforts to stimulate the production of the one plant 
t^t was then produemg glass in appreciable quantity, and the 
bringing into production of two additional commercial plants in the 
latter part of 1917, had by November, 1918, solved the problem of an 
adequate supply. At the same time laboratory and plant reseamh 
had secured improved raw materials and had gotten at &e many diffi- 
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culties with manufactiiring processes, so that the quality also had been 
brought up to a high standard. The lecturer showed lantern slides 
illustrating the various processes used in manufacturing optical glass, 
together with curves indicating the rapid increase in American pro- 
duction in 1917 and 1918. 

135TH meeting 

The 135th meeting of the AcADEto was held in the Assembly Hall 
of the Cosmos Club, the evening of Friday, April 4, 1919, the occasion 
being an address by Tieut. Col. Byron C. Goss, U. S. A., Chief Gas 
Officer, Second Army, A. F. F., entitled Gas warfare at the front. The 
lecture was devoted principally to the military features of gas offense 
and defense, as experienced by the American Army in 1918. At this 
stage of the war reliance was placed mainly on gas shell, and the gas 
doud, which was the method by which gas warfare was introduced in 
1915, was very little used. The use of toxic shell may be divided into 
three periods. From May, 1915 to July, 1916 only lachrymatory shell 
were used. Phosgene and cldorpicrin shell, intended to produce cas- 
ualties, came into increased use from July, 1916 to July, 1917. With 
the latter date began the use of the so-called “mustard gas,“ The 
tactical handling of gas shell depends on the object to be accomplished, 
whether the production of casualties or the neutralization of troops. 
Details of tactics and of shell design were ably discussed by the lec- 
turer and were illustrated with lantern slides. The lecture closed with 
the presentation of some new moving pictures showing the use of 
thermit bombs and smoke clouds and tie handling of gas shell by 
American artillery at the front in the autumn of 1918. 

I36th meeting 

The 136th meeting of the Academy was held in the Assembly Hall 
of the Cosmos Club, the evening of Thursday, May 15, 1919. An 
address was delivered by Prof. John C. Merriam, Acting Chairm^ 
of the National Research Council, entitled Cave hunting in California, 
The discovery of prehistoric stone implements supposed to be from 
the auriferous gravels of Califomia aroused interest some years ago 
in the question whether man was present on the West Coast during 
Pliocene or Pleistocene time. The lecturer outlined his early studies 
of the problem through the examination of auriferous gravels, river 
terrace gravds, and caves, illustrating the story with many lantern 
slides of Califomia caves. Among the localities where significant 
material was obtained were Mercer*s Cave in Calaveras Coimty, Haw- 
ver's Cave and the Robbers' Cave in the American River valley, and 
Potter Creek Cave and Samwel Cave on the McCloud River. Many 
new species of extinct Pleistocene animals were found in the course of 
the explorations, but no absolutely certain evidence has been discovered 
of the existence of man in Califomia before the present epoch. The 
lecture was discussed by several members of the Academy. 

WmWAM R. Maxon, Recording Secretary, 
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ANNOUNCEMENTS OF MEETINGS OP NATIONAL SCIENTIFIC AND ENGINEER- 
ING SOCIETIES 

American Assocution for the Advancement of Science. St. 
Louis, Missouri, December 29-31, 1919. Chicago, Illinois, December, 
1920. 

National Academy of Scibncbs. Washington, D. C., April, 1920. 

American Ceramic Society. Hotel Walton, Philadelphia, Penn- 
sylvania, February 23-26, 1920. 

American Chemical Society. St. Louis, Missouri, April 13-16, 
1920. Chicago, Illinois, September, 1920. 

American Physical Society. Chicago, Illinois, November 
28-29, 1919. 

Geological Society op America. Boston, Massachusetts, Decem- 
ber 29-31, 1919. 

American Society of Zoologists. St. Louis, Missouri, December 
29 31. 1919- 

American Institute op Electrical Engineers. New York City, 
February 18-20, 1920. Annual Convention, June 22-25, 1920; place 
not yet decided upon. 

American Society of Mechanical Engineers. New York City, 
December 2-5, 1919. St. Louis, Missouri, probably May, 1920. 

American Institute op Mining and Metallurgical Engineers. 
New York City, February 16-20, 1920. 

National Electric Light Association. Pasadena, CaMomia, 
May 18, 1920. 

THE MAP-MAKING CONFERENCE 

On July I, 1919, the Engineering Council addressed a letter to the 
President of the United States suggesting that a conference of the 
map-making bureaus of the Federal government be called in order to 
make plans for cooperation and for expediting the completion of the 
topographic map of the United States. On August 27 the President 
referred tlie matter to the Secretary of War and requested that a con- 
ference be called. 

The conference was held on September 15-29, and the following 
fourteen map-making organizations of the Federal government were 
represented: U. S. Coast and Geodetic Survey, U. S. Geological Survey, 
General Land Office, Topographic Branch of the Post-Office Depart- 
ment, Bureau of Soils, U. S. Reclamation Service, Bureau of Public 
Roads, Bureau of Indian Affairs, International (Canadian) Boundary 
Commission, Forest Service, U, S. Hydrographic Office, ^d the fol- 
lowing organizations from the U. S. Army: Corps of Engineers, Mis- 
sissippi River Commission, and U. S. Lake Survey. Ten national 
scientific and en^eering societies were also represented. 

60s 
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The conference reached the general conclusion ‘*that there is little 
actual duplication of effort materially affecting the progress of map- 
ping the United States. The U. S. Geological Survey is charged with 
the preparation of a topographic map of the United States, which, 
with certain minor modifications, will adequately meet the needs for 
a general utility map. The work of that bureau is progressing as 
rapidly as the available funds will permit. Approximately one-^rd 
of the area of the continental United States, exclusive of Alaska, is 
now covered by satisfactory maps of this dass. The U. S. Coast and 
Geodetic Survey, in addition to its other work, is engaged in the execu- 
tion of the primary control in the interior of our coimtry. A basic 
horizontal and vertical control which will permanently establish some 
geographic position and elevation within about 50 miles of any point 
in the Unit^ States has been approximately 50 per cent completed. 
Close cooperation exists between tiie U, S. Coast and Geodetic Survey 
and the U. S. Geological Survey so that there is no duplication in 
carrying out the work necessary for the standard topographic map.*' 

The report also shows that certain map needs of various other bureaus 
are met by the standard topographic map of the Geological Survey. 
In addition, they all require certain spedal maps, some of which demand 
more detailed surveys than those necessary for the standard map, 
and others of which require the collection of entirely different kinds 
of data. Some of the organizations concerned (for instance, the Inter- 
national Boundary Commission) are conducting specialized surveys, 
and while they would be benefited in some degree by the early comple- 
tion of the standard map in the areas in whidh they operate, still this 
3tnap would not obviate the need of the special surveys. The work of 
the Hydrographic Office is entirdy outside the continental limits of 
the United States. 

The conference adopted the following recommendation: “It^ is 
recommended that the present procedure be continued, under which 
the U. S. Coast and Geodetic Survey executes the primary control of 
the area of the United States and U. S. Geological Survey prepares, 
publishes, and distributes the standard topographic map and that 
Congress be asked to make larger appropriations for these purposes 
in order that the complete map may be available at an early date. 
***’*'* It is further recommended that this general project be 
approved and placed before Congress with the request that Congress 
adopt the project for execution by successive annual appropriations 
for these two bureaus. Under this general plan it is assumed that a 
large number of States will continue to cooperate in topographic map- 
pi^ by making specific appropriations for that work.** 

The conference also recommended: (i) that a permanent Board of 
Surveys and Maps be appointed to act as an advisory body; (2) that 
a central information office be established, preferably in the U. S. Geo- 
logical Survey, but under the general supervision of the Board of 
Surve3rs and Maps; (3) that the copyright laws be so amended as to 
provide that a copy of every map presented for copyright be trans- 
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mitted to the information office; (4) that all Government agendes be 
instructed to comply with requests for data from the Board; (5) that 
surveys by agendes other than the Geological Survey be inqd «» to 
conform to the spedfications of the standard topographic map; (6) 
that the Coast and Geodetic Survey be given generd supervision of 
the final adjustment of all important control data; (7) that ma pe be 
issued as soon as possible after the field work has been completed; 
and (8) that the program of the Interdepartmental Committee on 
Aerial Surveying be approved. 

It is estimated that the work of primary control can be completed 
by 1933 at a cost of $6,305,000, and that the topographic map can be 
completed within the same period for $40,490,000 (induding coopera- 
tive appropriations by States). 


NOTES 

Mr. C. H. Berdseve has been appointed Chief Topographic Engineer 
of the U. S. Geological Survey, to succeed Mr. R. B. Marshau,, who 
recently resigned as Chief Geographer. Mr. Birdseye was formerly 
chief of one of the divisions of topographic mapping and during the 
War served in France as Lieutenant Colonel of the Coast Artillery. 
Mr. Marshall will remain a member of the Survey, being enrolled as a 
topographic engineer on a per diem status, and will thus be available 
for occasional service. 

Prof. M. A. Cardbton has resigned his position as cerealist with the 
U. S. Department of Agriculture, and is now engs^ed in spedal fidd 
investigations for the U. S. Grain Ccoporation, witii headquarters at 
42 Broadway, New York City. 

Dr. Henry A. Christian, Dean of the Harvard Medical School, 
came to Wadiington on November r as chairman of the Division of 
Medical Sdences of the National Research Council. 

Mr. D. Dade Condit has resigned from the Geological Survey, and 
Mr. Rawph W. Howbed is on a year’s leave of absence, to accept posi- 
tions as petroleum geologists with Pearson and Sons. They sailed 
for England about the middle of October. 

Mr. R. W. Fsey, formerly with the leather and pa]^er laboratory of 
the Bureau of Chemisfay, u. S. Department of Agriculture, has re- 
signed to acc^t a position in the wemical department of John H. 
Heald & Co., Inc., manufacturers of tanning and dye-wood extracts 
at Lynchburg, Va. 

Dr. AebBRT Mann has resigned firom the Department of Agriculture 
to accept an appointment as Research Associate of the Cam^e Insti- 
tution of Washmgton. The change was made so as to enable him to 
give his entire time to his work on the diatoms. He will have his office 
and laboratory at tl^ National Museum. 
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Prof. A. A. MiCHEtsoN, of the University of Chicago, who was until 
recently engaged in research for the Navy Department at the Bureau 
of Standard, has been appointed Research Associate at the Mount 
Wilson Observatory of the Carnegie Institution of Washington, for the 
year ending July, 1920. 

Mr. Bert RxjsseLE, first assistant examiner in the Patent Of 5 ce, 
and secretary of the Patent Ofiice Society, has reagned in order to de- 
vote his attention to chemico-legal work with the firm of Prindle, 
Wright & Small, of New York City. 

Mr. C. B. SiEBENTHAE, geologist of the U. S. Geological Survey, will 
spend a large part of his time this winter in the Internal Revenue division 
of the Treasury Department assisting in the adjustment of the income- 
tax valuation of mining properties. 

Prof. C. A. Skinner, formerly head of the Physics Dq)artment at 
the University of Nebraska, has recently come to Washin^on as chief 
of the Diviaon of Optics of the Bureau of Standards. 

Dr. M. W. Travers, formerly of the Indian Institute of Science, 
Bangalore, India, and connected during the war with the manufacture 
of chemied glass in Bugland, visited Washington in October. 

Dr. D. B. Tockerman, formerly professor of Theoretical Physics at 
the University of Nebraska, has recently joined the Engineering Ma- 
terials Diviaon of the Bureau of Standards. 

Dr. P. V. Weels, of the Bureau of Standards, is on leave of absence ’ 
and is spending a year in the laboratory of Prof. Perrin in Paris. 



JOURNAL 

OF THE 

WASHINGTON ACADEMY OF SCIENCES 

VoL. 9 DECEMBER 4, 1919 No. 20 


PHYSICS . — The relation between birefringence and stress in 
various types of glass, E. H. Adams and E. D. William- 
son, Geophysical Laboratory, Carnegie Institution of Wadi- 
ington. 

When a rigid body is subjected to stress there are produced 
changes in refractive index which are rdated to the direction of 
stress and to the vibration directions of the entering Hght. Iso- 
tropic substances such as glass then become birefracting. It 
is evident that birefringence may serve as a measure of strain 
and, consequently, of stress; indeed this method is commonly 
used for the determination of internal stress in glass, and is of 
especial importance in the examination of optical glass, which 
for use in lenses and prisms must be well annealed. 

While it is common practice to speak of strain in glass in 
terms of birefringence, little is known concerning the absolute 
magnitude of the stresses or strains involved,^ and, as a part 
of the general problem of glass annealing, definite information 
concerning the relation of birefringence to stress was required. 
Accordingly in this paper we present the results of some measure- 
ments of the birefringence due to loading of nine kinds of op- 
tical glass. A brief review of the optical effect of stress is also 
given. 

BXPBRIMBNTAL METHOD AND RESULTS 

Blocks of each kind of glass measuring about 2 by 3 by 3 cm. 
were prepared. The faces were made as nearly plane parallel 

^ The oxily observations known to us are those by Pockels with reference to several 
glasses, some of which were flint glasses, while the others were unusual alumino- 
borates. See page 615 and 6ao. 

609 



6 io 


ADAMS AND WIDUAMSON: BIRBFIUNGENCe AND STBBSS 


as possible, two opposite faces being polished and the other 
four faces left with a findy ground surface. Each block was in 
turn subjected to compression in a Riehl 6 vertical testing ma- 
chine, and a beam of light polarized by a nicol prism was passed 
through the block, the plane of polarization of the light bdng 
at 45° to the direction of pressure. The blocks of glass when 
loaded showed a certain amount of double refraction which 



Pig. I. 

Diagrammatic representation of apparatus for measuring birefringence of glass 
under load. Pressure is transmitted to the block of glass G through the hardened 
sted blocks A A and B B. Light from the lamp 5 is polarized by the nicol prism 
N, passes through the glass, the lens L, the graduated quartz wedge W, the eyepiece 
E and the analyzing nicol Ni. The nicols are crossed and the axis of thrust makes an 
angle of 45 ° with the •vibration direction of the light entering the block G. 


could be detected by the use of polarized light, and could be 
•measured by determining the optical path difference* according 

2 If two rays of light travel with velocities Va and vh through the distance I, we 
, Vh na N a 'Kb . , . , 

have - = — ~ t; , Wa and tu being the corresponding refractive indices, 
Va nh Nb Ka 

Ka and Xb the wave-lengths, and Na and Nb the total numbers of waves. More- 


over, iVa ~ ^ in which Xi is the wave-length corresponding to « » i. Simi- 

Xo Xi 


larly Nb 



Na—Nb 



The product nj or nii, respectively, is called the “optical path;” (w« — nb)L is 
the “optical path-difference” and is the quantity which we measure. Obviously 
the birefringence ria — «b may be obtained by dividing the optical path-difference 
by the geometrical length of path. 
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standard methods.” The optical system for measuring the 
^^^ringence consisted of a petrographic microscope supported 
the proper angle on one post of the testing machine and in 
S'^Cih a position that the block of glass G was betwe^ the nicol 
^ (Fig. i) and the low-power lens L. A graduated quartz 
Wfe< 3 ge, W, was in the focal plane of an eyepiece, E, on which was 
tuounted a cap nicol, Nz. 

TJpon illuminating the system with light from an ordinary 
^<iandescent lamp, 5, the wedge W — ^which was placed with its 



Fig. 2. 

Diagram to show arrangement for determining the uniformity of loading. The 
block of gto G is illuminated by light from 5 which passes through the diffusing 
screen D and is reflected from the sheet of glass R. The thrust is applied to the glass 
in a direction at 45 ® to the plane of polarization of the light, and the interference 
colors produced by loading are observed through the analyzing nicol AT* 

longest dimension in a horizontal position — ^was observed 
through the eyepiece and nicol. When the analyzer was placed 
so that the nicols were crossed, a series of colored lines extended 
across the field in a vertical direction, and the position of the 
central black line with respect to the graduations on tiie wedge 
determined the birefringence of the specimen. One division on 
our wedge r^resented lo /i/x retardation and no difficulty was 
experi en ced in reading to V* division or 5 which was about i 
percent of the maviTmim observed birefringeace. The load 

' For example, see F. B. Wrioht, The methods of petrographic-microscopic research, 
Carnegie Iiwt. Wash., Publ 158, Chap. ni. ipii. 
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could be read to o.i kg. or better — a higher degree of precision 
than is necessary, since readings to within 5 kg. would corre- 
spond in accuracy to the readings of the wedge. 

The first results obtained were irregular and generally unsatis- 
factory. This was found to be due to the fact that the load 
was not applied u nif ormly. In seeking to remedy this defect 
we found that the problem of loading a block of glass evenly 
up to a pressure of a few hundred kg. per sq. cm. offers unex- 
pected experimental difficulties and requires the greatest pos- 
sible amount of care and patience. Portunatdy birefringence 
serves not only for the quantitative measurement of stress but 
also for the qualitative examination of the uniformity of stress. 


TABLE I 

Chemical Composition and Optical Properties op the Various Glasses 


Kind of gUss 

Refrac. 

index 

»*D 

Recipr. 

jrel. 

disper- 

sion 

(con- 

strin- 

gence) 

V 

Approximate composition 

PbO 

CaO 

BaO 

ZnO 

NaaO 

KaO 

AhOs 

BaOj 

vSiOs 

Ordinary Crown 

1.523 
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12 




14 

I 


, 

73 

Borosilicate Crown. . . 

1.516 

62 

— 

— 

4 

— 

9 

8 

— 

12 

67 

I/ight Barium Crown. 

1.574 

57 


— 

29 

II 

3 

5 

I 

4 

47 

Heavy Barium Crown 

1 .60$ 

57 

— 

— 

43 

8 

— 

— 

3 

6 

40 

Barium Flint 

1.606 

44 

24 

— 

15 

8 

3 

4 


— 

46 

Light Flint 

1.573 

42 

35 

— 

— 

— 

6 

5 

— 

— 

54 

Medium Flint 

1 ,6i6 

37 

48 

— 

— 

— 

3 

4 

— 

— 

45 

Heavy Flint 

1.655 

33 

52 

— 

— 


3 

3 

— 

— 

42 

Extra Heavy Flint... . 

1.756 

27 

69 

— 

— ' 

— 

— 

3 

— 

— 

28 


To detect unevenness of loading a polarizer of large aperture is 
required. A convenient arrangement is shown in Pig. 2. Light 
from the lamp 5 is diffused by the translucent screen D (of 
ground glass or tracing doth) and polarized by reflection from 
the sheet of plate glass R which is painted black on the back. 
The vibration direction of the beam of light, as with the previous 
arrangement, is inclined 45° to the direction of pressure. The 
interference colors are observed through the nicol prism N, no 
lens being required. If the block of glass G be uniformly loaded 
it appears in the fidd of view to be of a certain uniform color 
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on the Newton scale, the color depending on the amount of 
birefringence present, but if the load be uneven the color will 
vary from place to place in bands or streaks or irregular blotches. 

After numerous unsuccessful attempts to secure uniform 
stress throughout the blocks of glass, the following method was 
found to be satisfactory. The thrust was applied through two 
hardened steel blocks {A, A in Fig. i) the curved surfaces of, 
which were in contact with the curved surfaces of the blocks 
B, B. The adjacent surfaces of steel and glass were ground so 
as to be as nearly plane as possible and were then ground together 
with very fine emery. Above and below the block of glass was 
placed a piece of thin drawing paper. With this arrangement 
we were able to load the glass uniformly up to a pressure of 200 
kg. per sq. cm., which was sufficient for the purpose. 

TABUS 2 


BiRTSPRTNGWCie Produced tn Gi^a>SvS by a 'fiiRust op i Kg. pbr Sq. Cm. 


Kind of Qlass 

P.th dilT 
A*M per 
k»'. D/W 

Width 
oi hlock 
cm 
b 

-ft X 10'^ D/W 
Birolriu»40iicc due to 
1 IcK per bq cm 

Modulus of 
compi cssiPihtv 
Kg per sq. cm 
K 

Modulus of 
rigidity. 

R 

Onliiifiry Crown 

0.959 

2.68 

—2.57 X 10-7 

0 46 X lO® 

0 28 X 10® 

Borosiliciite Crown. , , . 

0,852 

2.3s 

—2.85 X IO-’ 

0.43 X 10® 

0.29 X 10® 

IJgUt linrium Crown. , 

0,9^14 

2.92 

2.81 X 10-7 

0 52 X 10® 

0.30 X 10® 

Heavy Itarium C'rowu. 

0,638 

3.37 

3.15 X 10-7 

0.53 X 10® 

0.29 X 10® 

Bariinn l^'Unt 

0,976 

3.18 

—3.10 X 10-7 

0.42 X 10® 

0 26 X 10® 



r .022 

3 . 13 

— ^3.20 X IO-' 

0.35 X 10® 

0.24 X 10® 

Meduiin Pliiit 

l .Of)« 

^ .93 

— ^ 3-^3 X 10-7 

0.34 X lo® 

0.22 X 10* 

Heavy Plint 

0.912 

2.93 

^2.67 X 10-7 

0.34 X 10® 

0.22 X 10* 

ICxtra Heavy l^lint. . . . 

0.-139 

2.78 

1 .22 X lO “7 

0.32 X 10® 

0.20 X 10® 


Table i shows the chemical composition and optical properties 
of Ihe glasses used, and in table 2 arc given the restdts of our 
measurements. If is the load applied to the block of glass 
by the testing machine and D the corresponding optical path- 
difference as determined by the graduated quartz 'wedge, the 
ratio D/W was found to be constant for each specimen to within 
the limit of accuracy of the measurements. This result is in 
accord witli the observation by Brewster'^ in 1814 that the 
* Brewster, PUB. Trans. 1814, 1815. 1816. 






6 14 ADAMS AND WIDDIAMSON: BIRBPRINGBNCB AND 8*01583 


Optical effect produced i3 proportional to the amount of the 
stress. 

The ratio DfW, however, is not independent of the dimen- 
sions of the block, but it is readily seen that Wloib is the pressure 
and that Z?/o is the path difference (6 and a are the dimensions 
of the block measured transversdy to the direction of thrust, 
a being in the direction of the beam of light (see Tig. i)). More- 
over, the ratio 

D/a bD 
W/ab W 

is the birefringence produced by tinit pressure and is de- 
pendent only on the nature of the glass. It is interesting 
to note that only one dimension of the block needs to be mea- 
sured. The second column of table 2 gives for each kind of 
glass the weighted mean value of D/W in mm per kg., and in 
the third column are values of b, the width of the block in cm., 
i. e., the length of an edge perpendicular both to the direction 
of thrust and the direction of the beam of light. The quantity 
bD/W as shown in the fourth column is then the birefringence 
produced by a pressure of i kg. per sq. cm. For reasons which will 
appear later it may be useful to know the rigidity and compres- 
sibility of each of the various kinds of glass. In the last two 
columns of table 2 are given the rigidity and compressibility 
calculated according to the method described by Hovestadt,® 
except for ordinary crown glass, the compressibility of which 
we measured by a method already described.® These calcu- 
lated elastic constants are of course only approximate values, 
but are probably sufficiently accurate for our present purpose. 

All of the results in the fourth column lie between 2.57 X 
io~'^ and 3.20 X 10“’' except for two comparatively uncommon 
glasses. It is a curious and unexpected circumstance that for 
the more generally used optical glasses a given stress should 
produce so nearly ^e same amount of birefringence. The heavy 

« H. Hov^stadt, Jena glass. Transl. by J, D. and A. Evsristt. London, 1902; 
PP. 155-160, 185-193. 

\ » L. H. Adams, E. B. Wh^wamson and J. Johnston. Journ. Amer. Chem. Soc. 
41: 12-42, 1919. 
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barium crown, containing 43 per cent barium oxide (BaO), and 
to a still greater extent the extra heavy flint, containing 69 per 
cent lead oxide (PbO), show a much smaller ratio of birefrin- 
gence to stress. The variation of this ratio with lead content in 
the flint glass has been investigated by Pockels,^ who has ex- 
pressed his results in a form very different from the one we have 
used. Before comparing his results with ours it is therefore 
necessary to give a short discussion of the principles involved, 

THB Bl,BM:eNTARy THEORY OR OPTICAL EPPECTS PRODUCED BY 

STRESS 

Since the stress at any point in a solid may be resolved into 
three components at right angles to each other, it is sufficient 



Fi»{. 3. 

DrnwiiiK to iicoompaiiy clcmenlaty discussion of optical effects of stress. The 
thrust P is applied in the direction 0 Y. The ray of light enters the cube of glass in 
the direction OX, Ixsiotius elliptically polarized and is treated as two rays vibrating, 
resiw-elively, in the diroclions 01 and OX. Ordinarily the ray vibrating along OY 
travels with tlie higher velocity, that is, ordinary glass under uni-dircclional com- 
pression l)ehaves like iin optically negative uniaxial crystal. 

to consider what happens to light passing through a cube of 
glass subjected to forces normal to its faces. In P%. 3 let OX, 
OY, OZ represent tlie coordinate axes, and consider a beam of 
light passing through the cube in a direction parallel to OX. 
Now if the glass be acted upon by a vertical thrust (i. e., paralld 
to OY) the cube will be compressed in that direction and ex- 
’ P. PocKitw. Ann. Phys. (4) 7: 745- 
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tended along OX and OZ. The velocity of the beam of light 
will be altered and in general the wave will be split into two wave 
fronts proceeding with different velocities and polarized in direc- 
tions at right angles® to each other. Moreover, a ray of polar- 
ized light after passing through the block of glass in a direction 
normal to the surface will ranain a single ray but will be found 
to be ellipticaJly polarized and may best be treated as the re- 
sultant of two rays vibrating, respectively, along OY and OZ 
and differing in phase® by a certain amount. The compressed 
block of glass thus behaves as a uniaxial crystal whose optic 
axis is parallel to OY. 

Now a thrust in the direction OZ will produce an effect 
similar to that in the direction OY, for the cube will be com- 
pressed in the direction OZ and extended along OY, but a thrust 
paralld to OX will produce no phase difference of the rays 
vibrating along OY and OZ since the cube is extended the same 
amount in these two directions. 

It is evident, therefore, that when a beam of light passes 
through a block of strained glass the velocity of the light (and 
hence the refractive index of the glass) depends on (i) the direc- 
tion of vibration of the light, and (2) the dilatations in those 
directions perpendicular to the path of the beam of light. 

THE GENERALIZED EQUATIONS 

The equations used by Neumann'® for expressing the influence 
of dastic deformation on the propagation of light are as follows: 

Vx = V + qxj, + pyy + pz, (ij 

Vy = V + + qyy -H pz;, (i„) 

% = V + px„ + pyy -f- qs„ (lo) 

® A ray of light by reflection from a polished surface becomes partially or completely 
polarized. The plane of polarization is arbitrarily deflned as the plane contTiniiig 
the incident and reflected rays, and the direction of vibration is usually taken as 
the normal to the plane of polarization. The vibration direction so defined is the 
direction of the electric vibrations of the electromagnetic disturbances and is per- 
I)endicular to the magnetic vibrations. 

® In the actual measurement of birefringence the beam of polarized light is usually 
arranged to vibrate in a direction at 45° from OF or OZ. The phase difference 
obviously may be expressed as a path difference by taking account of the wave 
length of the light. 

^ F. Neumann. Arm. Phys. 54: 1841. 
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in which x^, y^, and c, are dilatations in the three directions 
parallel to the three principal axes, v is the velocity of light in • 
tlic unstressed material, and Vx, Vy, and Vz are the velocities of 
light waves whose vibrations are parallel to the three axes. 
p and q are coefficients which are to be determined by experiment. 

If n is the refractive index of the unstressed medium and «*, 
Hy, and are the refractive indices for light vibrating in the three 
principal directions, then nv = = ityVy = n^Vs and from 

Equation (ia) 


Vx - V 


n 


q ,Pf,s 


(2) 


Referring again to Fig. 3, it is obvious that a thrust, P, acting 
on the block in the direction OY will produce the three prin- 
cipal dilatations: 

Xg — aP/E 
y, = - P/E 
Sz = ffP/E 

E being Young’s modulus and <t Poisson’s ratio. Substituting 
in Equation (2) we have 


H _Pf .P /P£\i 
«, E^^ \e)v 

Similarly it can be shown that 
Ity — n P( 




and 


= I (l ~ O’) ~ O' ” I 

£ L V vS 

■ (3*) 

P ,<l\ 

20- H " ] 

(3b) 

V v/ 

sP 21 

V) O’ . 

V vJ 

(3c) 


When the coefficients p and q have once been determined, 

these three equations may be used for calculating the effect of 

a thnist, P, in the direction OY (Fig. 3) on the three indices of 

refraction «*, ny, and n, corresponding to light vibrating m the 

directions OX, OY, and OZ. The changes in refractive index 

for a given thrust, P, depend on the elasticity constants E and 

p q . . , , 

<r, and the coefficients — and - which are characteristic of the 

v V 

given material and can be determined expeiimeutally. 
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The change is the same as that of fia (for a thrust along 
OY) so that no birefringence is observed for a ray of light pass- 
ing through the block in the direction OY, but the Velocity of 
a ray in the direction of the triple arrow (i, e., along OX) de- 
pends on the direction of vibration, that is, nx is different from 
Wc and Hy — «s, by dej&nition, is the birefringence.^^ 

Since ordinarily nx and Uy do not differ from n by more than 
one part in looo, we may put with a maximum error of a small 
fraction of one per cent 

— n — w ny — ng 

liy Ha n 


refore by subtracting Equations (3 b) and (3c) we obtain 


ny — ng 

n 


= + <^. 


)(- - -)• 


(4) 


This equation may be put in slightly different form by making 
use of the identity 

E 

^ = ; T N 

2(1 + or ) 

R being the modulus of rigidity. Substituting this value of R 
in Equation (4), we have 



From Equations (4) and (5) it is evident that the birefringence 
is proportional to the difference of the two coefficients p and q. 
Conversely, p and q can not be determined by measurements of 
birefringence alone, but if in addition to the birefringence we 
measure the absolute retardation of a ray of light vibrating, 
say, in the direction OY, both p and q will be uniquely deter- 
mined. 

Suppose now that instead of a thrust we apply to the block 
of glass a hydrostatic pressure, P'. In order to obtain a rela- 
tion connecting the coefiScients p and q with the hydrostatic 
pressure P', it is obvious from considerations of symmetiy that 

In the case^of a uniaxial crystal, birefringence is usually expressed as — Ww, 
whidbi is identical -with the direction Y being the direction of the optic 
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it is sufficient to add the three Equations, (3^), 

. n 

Then, since is approximately equal to — 


(3b), and (30). 


- 

, we have 

n 


»r - « P' p P' q 

« - £ (2 - 4 <^)„ + g (I - 2< t )- = 




( 6 ) 


By putting 


3(1 - 2 a) 

ume-clasticity,^2 the equation becomes 

Hx 


— if, in which K is the modulus of vol- 


^ + s') 

n 3K'\ V V/ 


(7) 


which expresses in terms of known or measurable quantities 
the effect of hydrostatic pressure on the index of refraction, which 
of course under these conditions remains independent of the 
plane of polarization of the light. 


COMPARISON WITH POCKElv'S RBSUI^TS 
The optical effects of stress on several kinds of glass have 
been studied by Pockds,^® who loaded rectangular plates of 
the glasses and measured with a Jamin interferometer the abso- 
lute retardation of a ray of light vibrating parallel to the direc- 
tion of pressure. He also measured the birefringence with a 
Babinet compensator and from the two series of measurements 

P Q 

calculated the values of - and His results are shown in table 

V V 

3. The first column describes the glass, the second gives its 
number in Winkelmann's list;^^ in the third and fourth columns 
arc the clastic constants of the glass; the index of refraction n 
is shown in the sixth column, and the percentage of lead oxide 
in the seventh. In the next two columns are the results of 

P Q 

Pockels' determination of - and the coefficients which occur 

V V 

i/lC « the compressibility at constant temperature, 

P PocKSi/S. Ann. Phys (4) 7! 745 1902, 

Compare Hovestadt, op. p. 146. 
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in Equations (i) to (7) of this paper. Substituting these values 
in Equation (4) we have calculated the birefringence viy - lu 
caused by a tlirust of i kg. per sq. cm. and have placed tlic values 
obtained by this calculation in the last column of table 3. 

We are now able to make a comparison between our results 
and those of Pockels. The first three glasses in table 3 are 
unusual alumino-borates, but the remaining four form a series 
of flint glasses with lead content varying over a wide range. 
In Fig. 4, for the sake of comparison, our results for the flint 


TABI.E 3 

RiSvSUEtS OF POCKEES’ MiSASURUMCENTS OJST OPttCAE KfFI^CTS OF StRIJSS 


Kind of uUsM 

ji 

1 

J d 

E 

Youni;'q 
modulus 
10" k«. 
per sti. 
cm. 

<r 

Poisson’s 

ratio 

W 

Refruc. 

index 

Per- 
ceul lue 
ol PI>C) 
ill liluss 

CocfliokMils of 
lifluation (1) 

Birt'frin- 
y;eiice <liic 
to 1 kK. 
pi‘rsr|. cm. 
cult*. Irom 
XOciiintion 
(4) 

P 

n 

V 

Sodium Alumino- 









borate 

2 

0.480 

0.274 

I .508 

— 

0.274 

0.166 

—4.32 

I^ead Alumino- 









borate 

42 

0.472 

0.268 

I .512 

32. 

0.0908 

0.0228 

— 2 .76 

Lead Alumino- 









borate 

21 

0.547 

0.250 

1.545 

25. 

0.289 

0.182 

—3.78 

Light Flint 

47 

0.610 

0.222 

1.570 

33. 

0.306 

0.213 

—2.93 

Heavy Flint 

26 

0.547 

0.224 

r .rM4 

5X.7 

0.335 

0.264 

— 2 .61 

Extra Heavy Flint 

: 33 

0.550 

0.239 

1. 751 

67.5 

0.354 

0 . 3 T 9 

—1.38 

Heaviest Flint . . . 

20 

0.505 

0.261 

i. 9^>3 

80. 

0.427 

0.466 

I .92 


glass and also tliose of Pockels have been plotted with PbO 
content as abscissa and birefringence due to i kg. per sq. cm. 
as ordinate. 

By inspection of Fig. 4 it may be seen that Pockels’ results 
for the flint glasses on the whole agree very well with ours. It 
^ould be noted, however, that the content of PbO does not com- 
pletely determine the character of the glass and that therefore 
certain small discrepancies between Pockels’ results and ours as 
indicated by Fig. 4 may not have a real existence. 

It is interesting to note that ordinarily q is less than p. When 
this is the case the birefringence Wy — by Equation (5) is 
negative. But for the heaviest flint (PbO = 80 per cent) in- 
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vestigated by Pockels (see table 3) q is greater than p and there- 
fore this glass when acted upon by a thrust shows positive 
double refraction.^® Since the next flint glass in the series 
(PbO = 67.5 per cent) exhibits negative birrfringence, it is evi- 
dent that there must be some intermediate flint glass for which 
the birefringence would be zero and which therefore would re- 
main isotropic under the influence of any elastic deformation. 
In attempting to make such a glass the composition 74.6 per 
cent PbO, 23.6 per cent Si02, 0.6 per cent (K2O + Na^O) was 



tried by Pockels, and was found to give positive birefringence 
of 0.2 X 10-’'. This datum has also been plotted in Pig. 4, 
from which it can be seen that a glass containing about 74.0 
per cent PbO would, no matter how poorly annealed, show no 
Ijirefriugeuce. 

Ain>UCATION TO PROBLEMS DRAINING WITH GIASS 
As an example of the way in which the results given in this 
paper may be used, suppose that a sheet of ordinary crown 
glass be observed between crossed nicols and illuminated with 
white light, and suppose that in looking through 10 cm. of the 
sheet the interference color in a certain part of the cross-section 
is seen to be a red of the first order. In order to ascertain the 

“ It should be remembered that in Equations (3), (4) and (s), P is a thrust. If 
P be a tension most glasses will show positive double refraction. 
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internal stress corresponding to the observed color we find, by 
referring to a chart^® showing Newton’s color scale in terms of 
optical path-difference, that a first-order red corre.<5ponds to a 
retardation of about 530 mm or 530 X lo"’’ cm. The birefrin- 
gence then is the path-difference per unit of length, that is, 
530 X io~^ 

— 53 X 10“^. Now, according to table 2, a br- 
io 

refringence of 2.57 X io“’ corresponds in ordinary crown glass 
to a (imi-directional) pressure of i kg. per sq. cm. Hence the 

observed birefringence corresponds to a stress of ^ gy ^ io~^ 

20.6 kg. per sq. cm. or 300 lb. per sq. in.^^ 

In conclusion, we shah, note the change in refractive index 
produced (i) by a hydrostatic pressure of 1000 kg. per sq. cm. 
acting on a block of light flint glass; and (2) by a uni-directional 

P ? 

pressure of 1000 kg. per sq. cm. According to table 3, - and - 

are, for light flint glass, respectively, 0.306 and 0.213 J ^ is 0.61 X 

10® kg. per sq. cm.; a is 0.222; and. n is 1.57. Substituting these 

values in Equation (6) we have 

io»(i - o.444)(o.6i2 -1-0.213)1.57 

n„ — n — An — r — r; — ; = 0.00118. 

0.61 X 10® 

The index of refraction is thus increased 0.0012 by a pressure 
(hydrostatic) of 1000 kg. per sq. cm., and this change in index is 
independent of the plane of polarization of the light. On the 
other hand, for the case of a imi-directional pressure, we use 
Equations (3 b) and (3c), and suppose that, as in Fig. 3, the 
pressure is exerted along OY, and that the ray of light travels 
along OX. Then 
Tly — n ^ AHc, = 

1.57 X 1000, 

o.6i"x ' io®" ^°‘^^^ “ ^ 0.00020 


“ See, for example, the chart in J. P. Iddings, Rock Minerals (1911) ; or N. H. WiN- 
CHSLi/, Optical Mineralogy (1909). 

We have observed, in poorly annealed glass, stresses very much higher than 
300 lb. per sq. in. By taking into account the sign of patli-differeuce in polarized 
light, it is easy to show that the stress in the center of a slab of unniitiealcd gloss 
consists of a tension in all directions parallel to the large surface of the slab. 



CI,ARK: DISTSIBtJTlON OP BCHINODBRMS 623 


and 

ns ~ n = Any = 

I.S7 X 1000 , 

"0.61 X io« ^ ~ ^ ^ 0.00049. 

That is, a thrust of looo kg. per sq. cm. changes the refractive 
index 0.00049 for a ray vibrating perpendicular to the axis of 
pressure and only 0.00020 for a ray vibrating in the direction 
of the thrust. 

SUMMARY 

Glass when stressed becomes doubly refracting as shown by 
its behavior in polarized light. This principle has often been 
made use of in the detection and measurement of strain in glass, 
but little has been known of the quantitative relation between 
stress and birefringence. In this paper we have presented the 
results obtained by loading blocks of glass in a testing machine 
and measuring the concomitant birefringence. For all of the 
glasses which we studied except the heaviest flint, a thrust of 
one kg. per sq. cm. produces a birefringence of 2 to 3 X 10“’'; 
or, in other words, a path-diff(a:ence of 2 to 3 nn per cm. thick- 
ness of glass. 

Our results show satisfactory agreement with those of Pockds 
for the flint glasses. 

ZOOGEOGRA.PHY. — Discontinuous distribution among the echi- 
nodcrms. Austmn H. Clark, U. S. National Museum. 

While discontinuous distribution among terrestrial and free- 
water animals has received a considerable amount of attention, 
the same phenomenon among marine types has not been so 
widely noticed. 

The following apparently anomalous ranges are occupied by 
tilt* genera of brittle-stars, starfishes and urchins listed; there are 
no similar cases among the crinoids; and the holothurians, on 
accotmt of the relatively unsatisfactory state of our present 
knowledge, have been omitted. 

1. Warmer parts of the eastern and western Atlantic; Mexico 
to Chile: Narcissia, Arbacia. 

2. Both coasts of tropic^ America: Encope, MelUta. 
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3. Caribbean Sea and the western coast of Central America: 
HemiphoUs, Ophiocryplus, Ophiozona. 

4. Caribbean Sea and the Galdpagos Islands (probably in 
reality the same as the prceeding) : Sigsbeia. 

5. Peru to southern Cahfomia (some only in part): Astro- 
caneum, Diopederma, Gymnophiura, Plataslerias, Nidorellia, Am- 
phiasier, Paulia (Galdpagos Islands also), Pharia, Phataria, 
Gaenocentrotus (Galdpagos Islands also), Tetrapygus. 

6. Caribbean Sea and eastern Atlantic, the Hawaiian Islands, 
southern Japan and the Kei Islands: Caenopedina. 

7. Western coast of Mexico, the Hawaiian Islands, Australia, 
Tasmania, Lord Howe Island, the Mediterranean Sea and the 
adjacent parts of the Atlantic: Centrostephanus. 

8. Southern and Lower California, southern Japan and south- 
ern Australia: Heliocidaris. 

9. Caribbean Sea and the Hawaiian Islands: Podocidaris. 

10. Caribbean Sea and southern Australia: Ophioprium. 

11. Southern California and New Zealand: Ophiopteris. 

In view of the past intercommunication between the Carib- 
bean Sea and the Pacific the rimilarity of certain dements of 
the Caribbean fauna and of that of the western coast of tropical 
America is not surprising; the latter, however, indudes a very 
considerable number of genera which occur nowhere dse, to- 
gether with a few spedes of characteristic Indo-Malayan types, 
such as Mithrodia, Acanthaster, Anthenea, Lciaster, Astropyga, etc., 
which are not represented in the Caribbean Sea. 

A significantly large number of genera, including weU-known 
and conspicuous littoral types, inhabit a more or less extensive 
portion of the following anomalous range: Mediterranean Sea, 
Caribbean Sea, southern Australia and New Zealand, southern 
Japan, the Hawaiian Islands, and the western coast of tropical 
America. 

This discontinuous range, though indicated by very diverse 
types and only in part by each, neverthdess must be considered 
a zoSgeographic unit. Its outstanding feature is the fact that it 
r^resents the extreme outer limits of a tropical and subtropical 
faunal region the center of which is the Indo-Malayan region. 
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The types inhabiting it, that is to say, occurring only on the 
extreme periphery of the Indo-Padfic faunal area (of which the 
Mediterranean Sea was at one time a part), may be considered, 
therefore, as relics of a previous fauna at one time characteristic 
of the central Indo-Malayan region, from which they have 
now been extirpated through the competition of younger and more 
efiSdent types. 

The same facts axe brought out equally well in many other 
groups of marine animals, and are also reflected in a modified 
way in the terrestrial faunas. 

In the faunas of the colder seas all intergradations are found 
between t} pes which are quite unique and types diflFering little or 
not at all from others in the Indo-Malayan region, and this inter- 
gradation is complete enough so that we are justified in con- 
sidering the fauna of the colder waters as similarly ultimately 
derived from the (past or present) fauna of the Bast Indian 
region largdy through the intermediary of deep water forms. 
Some of these genera of the colder waters, as Astriclypeus and 
Glyptocidaris, are extraordinarily restricted in their distribution 
and rare, while others are abundant and widely spread. 



ABSTRACTS 


Authors of scientific papers are requested to see that abstracts, preferably 
prepared and signed by themselves, are forwarded promptly to the editors. 
The abstracts should conform in length and general style to those appearing in 
this issue 

GEODESY. — General instructions for precise and secondary traverse. 
U. S. Coast and Geodetic Survey, Special Publ. 58 (serial iii). 
Pp. 48, figs. 5. 1919. 

The instructions are designed for the highest class of traverse, equal 
in accuracy to primary triangulation, and for secondary traverse com- 
parable in accuracy with secondary triangulation. R. L. P. 

APPARATUS. — A furnace temperature regulator. Waltbr P. Whitj® 
and Leason H. Adams. Phys. Rev. 14: 44-48. July, 1919. 

By making the heating coil of an electric furnace one arm of a wheat- 
stone bridge, and combining this with a galvanometer regulator, thus 
keeping constant the resistance of the coil, we can, regardless of varia- 
tions in the current-supply, and with no attention, maintain constant 
the temperature of furnaces not too directly influenced by the tempera- 
ture of the room, or where the surrounding air is kept constant. The 
power available in this regulator is relatively very great; nothing has 
to be inserted within the furnace cavity, and the lag is practically 
nothing; the regulator is often nearly at its best under conditions most 
unfavorable to other regulators. It has held a small furnace for hours 
constant to o.i® at temperatures from 500® to 1400^0. 

W. P. W. 

PHYSICS. — Temperature distribution in solids during heating or cooling. 
E. D. Williamson and E. H. Adams. Phys. Rev. 14: 99-114. 
August, 1919. (Geophysical Tab. Papers on Optical Glass, No. 1 1 .) 

In deciding on the best methods of carrying out various operations 
in the manufacture of optical glass, it was found necessary to have some 
idea of the temperature gradients in the pieces during heat treatment. 
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While great precision in absolute magnitudes is generally of minor im- 
portance in such cases, the only way to gain insight into the question 
of the variation of the temperature differences with the shape and di- 
mensions of the blocks and the method of heating is actually to work 
out numerical cases. 

Equations have been derived for the temperature distribution in 
solids of several typia^ shapes, the solids being heated or cooled ac- 
cording to one of two methods, viz.y the surface of the body (i) is con- 
tinuously heated (or cooled) at a uniform rate; or (2) experiences a 
sudden change to a higher or lower constant temperature. With these 
equations a number of calculations have been made and the results of 
the computations are presented in tabular form and, in certain cases, 
are also shown graphically. By the use of these tables and graphs it 
is a comparatively simple matter to determine the temperatures within 
solids of a large variety of shapes when, as is commonly the case, they 
are heated or cooled according to one of the methods mentioned above. 

The equations given are in convenient form for calculation and for 
showing a number of interesting qualitative relations between the tem- 
perature gradients in various solids, and they will probably prove useful 
in connection with the determination of specific heat and thermal con- 
ductivity by dynamic methods. 

While the main interest at the time was in the application to glass 
manufacture, the equations are perfectly general, as are also the qualita- 
tive deductions made, E. D. W* 

PHYSICS . — Silicate specific heats. Second series. Wai^TOr P. Wnrm. 

Amer. Joum. Sci. 47: 1-43. Jan., 1919. 

Specific heats of various forms of silica and silicates were determined 
for upper temperatures from 100® to 1400®. The method was by drop- 
ittg from furnaces into calorimeters. Two new methods are described 
for determining true or atomic heats from interval heats. On the whole, 
the general temperature variation of the specific heats is one depending 
mainly on the value of y, the atomic vibration period, for oxygen in 
combination. Several forms of silica, whose expansion is very small, 
and which tliereforc practically give values of specific heat at constant 
volume, Cv> show that Cv for high temperatures appears to exceed 
the theoretical value 5.96. Glasses show, in the main, a specific heat 
only slightly above tlie corresponding crystal forms, but with a tendency 
to increase at some rather high temperature. In several sets of poly- 
morphic forms with sluggish inversions there were differences of about 
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2 per cent between the two forms, but none of these forms showed 
any variation in specific heat near the inversion temperature. In 
quartz, below the a~P inversion at 575°, the heat absorption is greater 
tlian can be accounted for even by the abnormal expansion. If such 
absorption, unusual change of volume, and diange of cryvStal properties 
are each or aU together the sign of a change of state, then quartz imder- 
goes a gradual change of state over an interval of 400° below what is 
commonly called its a-jS inversion. Quartz and probably other forms 
of silica exhibit what appear to be two kinds of inversion, due to dif- 
ferent mechanisms. Some of tliese facts militate against certain h3rpothe- 
ses wliich make polymorphism the resultant of pol3rmeric or isomeric 
dianges in the solid. W. P. W, 

INORGANIC CHEMISTRY. — The hydrated ferric oxides. Eugbn 
PosNjAK and H. E. M^rwin. Amcr. Joum. vSci. 47: 311-348. 
May, 1919. 

Microscopic and chemical studies show that no series of hydrates 
of ferric oxide exists among the natural minerals. The only existing 
hydrate is ferric oxide monohydrate. This substance occurs in nature 
in two polymorphic forms — goethite and lepidocrocite — and in an 
* ‘amorphous” condition — ^linionite. The two crystallized forms are 
contrasted as follows: 

Goethite. — Orthorhombic, a : 6 : c == 0.91 : i : 0.602; density (grams 
per cc.) 4.28 =1=0.01; a = 2.26, jS = 2.394, 7 ~ 2.400; streak, dull 
orange-yellow; pleochroism faint. When crystallized in dense aggre- 
gates of thin blades and fibers inclosing much adsorbed and capillary 
water, it has commonly been called limonite; however, sufficient proof 
is now given to show that such crystallized material is really goethite. 

Lepidocrocite. — Orthorhombic, a : b : c = 0.43 : i : 0.64; density, 
4.09 =1= 0.04; a — 1.94, /3 = 2.20, y = 2.51; streak, dull orange; pleo- 
chroism very strong. 

The name Umonite is retained for material which appears to be 
essentially isotropic ferric oxide monohydrate with adsorbed and capil- 
lary water. However, this substance should not be considered a dis- 
tinct form of ferric oxide monohydrate, as the real nature of such 
“amorphous” substances is still uncertain. 

The fibrous mineral turgite is variable in composition, and considerable 
evidence is given that it probably represents solid solutions of goethite 
with hematite, together with inclosed and adsorbed water. 

The genetic conditions of the hydrated ferric oxides and the stability 
relation of the two monohydrates are unknown. 
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No definitely crystallized S3mtlietic hydrated ferric oxide has up to 
the present been prepared. However, it seems certain that only two 
distinct types of * ‘amorphous” hydrated ferric oxide exist, one 3^ellow 
and the other reddish brown. The yellow is apparently essentially 
ferric-oxide monohydrate, while the reddish brown substance may hold 
its water in either a dissolved or an adsorbed condition (or both). 
Thus the synthetic and the natural hydrated ferric oxides exhibit, 
chemically, great similarity. H. E. M. 

INORGANIC CHEMISTRY . — The ternary system CaO-MgOSiOz. 

J. B. Ferguson and H. E- Merwin. Proc. Nat. Acad. Sd. 

S: 16-18. 1919. (Preliminary.) Amer. Joum. Sd. 48; 81-123. 

Aug., 1919. 

The crystalline phases which are definite compounds and which ap- 
pear as primary phases are as follows: Lime; magnesia; silica (tri- 
dymitc and cristobalite) ; a-CaO.SiOa (pseudowollastonite) ; 3Ca0.2Si02; 
oi- and i3-2Ca0.Si02; MgOSiOi (clino-enstatite) ; 2Mg0.Si02 

(forsterite) ; Ca0.Mg0.2Si02 (diopside); sCa0.2Mg0.6Si02; and 

2Ca0.Mg0.2Si02. The melting point of 2Ca0.Mg0.2Si02 is 1458° 
=t= 5®C. and the decomposition temperature of 5Ca0.2Mg0.6Si02 
is 1365® s®C. In addition to these, crystals representing several 
solid solutions also appear as primary phases. The solid solutions are: 
I. A complete scries with clino-enstatite and diopside as end members, 
generally known as pyroxenes. 2. The pseudowollastonite solid solu- 
tions. 3. The wollastonite solid solutions. 4. The 5Ca0.2Mg0.6Si02 
solid .solutions. 5. Certain members of the monticellite (CaO.MgO.- 
Si(\) solid solutions. Monticellite itself probably decomposes at 
too low a tempcrattire to ever occur as a primary phase. 

The tomperaturc-conoentration relations of the liquids which may 
be in eciuilibrium with each of these phases have been thoroughly 
investigated where necessary, by means of the quenching method, and 
the results obtained have been correlated with the existing data on the 
remainder of the ternary system. The compounds 5Ca0.2Mg0.6Si02 
and 2Ca().Mg0.2fii02 (akermanite) have not been prepared previously. 
Attempts to prepare a compound of the formula 8Ca0.4Mg0.9Si02 
(vSchaller's akermanite) gave negative results. The monticellite solid 
solutions and tlie compound akermanite are discussed at length but 
the wollastonite and the 5Ca0.2Mg0.6Si02 solid solutions are only 
briefly mentioned as they are made the subject of a subsequent paper. 
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Experiments were made on the tridymite-cristobalite inversion tem- 
perature, which was found for this system to be below i5oo°C., in ap- 
proximate agreement with Fenner’s original value of 1470®. 

J. B. P. 

INORGANIC CHEMISTRY.— {CaOSiO^) and related 
solid solutions in the ternary system lime'^nagnesia-silica. J. B. 
Ferguson and H. E. Merwin. Amer. Joura. Sci. 48: 165-189. 
September, 1919. 

The study of the ternary system Ca0-Mg0-Si02 brought to light 
many perplexing liquidus relations for which there was no adequate ex- 
planation. An investigation of the solidus relations was therefore 
started in order to dear up the doubtful points, and the results of this 
investigation are given in this paper. The salient features of these 
results are: (i) A confirmation of the earlier work in regard to the 
wollastonite-diopside solid solutions, woUastonite taking up a maximum 
of 1 7 per cent of diopside. (2) The existence of solid solutions of pseudo- 
woUastonite and diopside containing as a maximum about 16 per cent 
of diopside. (3) The finding of the new compound, 5Ca0.2Mg0.6Si02. 
(4) The existence of solid solutions of akermanite (or perhaps of an 
unstable compoimd, 3Ca0.Mg0.3Si02) in woUastonite and pseudo- 
wollastonite. The woUastonite solutions extend to a composition con- 
taining between 60 and 70 per cent of akermanite, while the pseudo- 
woUastonite solutions extend to a composition containing about 23 per 
cent of the same compound. (5) The presence of an area of solid solu- 
tion which indudes the woUastonite-diopside, the woUastonite-aker- 
manite, and the woUastonite-5Ca0.2Mg0.6Si02 soUd solutions. 

In addition to the results just mentioned, which suflSce to clear up the 
liquidus relations in question, as thorough an investigation as the nature 
of the problem and the available methods of attack would permit was 
carried out upon the soUd solutions of silica and 3Ca0.2Si02 in calcium 
metasilicate and upon the inversion and decomposition temperatures 
of aU the various soUd solutions. A general discussion of these results 
with diagram and models, is given. J. B. F. 

ANALYTICAL CHEMISTRY. — Electrometric titrations^ with special 
reference to the determination of ferrous and ferric iron, J. C. Hos- 
TETTER and H. S. Roberts. Joum. Amer. Chem. Soc. 41: 1337- 
1357* September, 1919. 

The advantages of the electrometric method for titrating, oxidizing, 
and reducing reactions may be summarized as follows: (i) This 
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method permits the use of potassium dichromate with its numerous 
advantages. (2) The reduction of the solution with electrometric con- 
trol diminates the removal of excess reducing agent, which must be done 
with the usual methods of reduction. (3) Conditions, such as acidity, 
need not be controlled, except within very wide limits, and hydro- 
chloric, sulfuric, or hydrofluoric add, or mixtures of these, may all 
be used. In contrast to these wide limits, compare the narrow 
limits (1.5 to 2.5 per cent by volume of H2SO4) within which the re- 
duction with SO2 or HjS must be carried out and the precautions which 
must be taken in a permanganate titration in the presence of dther 
chlorides or fluorides. (4) The sensitivity and accuracy of the method 
make possible (a) the determination of a few tenths of a milligram of 
tin, chromium, ferrous or ferric iron, and probably many other elements, 
in the presence of large quantities of some other element, and (6) the 
determmation of blanks involved in some of the ordinary determinations 
by redudng or oxidizing agents. (5) The time within which a determi- 
nation can be carried out is greatly shortened. The content of ferrous 
and ferric iron in a silicate, for instance, can be determined in from 
15 to 30 minutes. (6) The precision attainable is comparable to the 
best of tlie ordinary volumetric determinations. J. C. H. 

ANAI/YTICAT CHEMISTRY. — Electrical apparatus for use in electro- 
metric titration. Howard S. Roberts. Jotun. Amer. Chem. 
Soc. 41: 1358-1362. September, 1919. 

A description of simplified and inexpensive apparatus for use in the 
titration of salts by the electrometric method. The potentiometer 
consists of a sliding rheostat with attached scale. Several forms of 
galvanometer may be used. H. S. R. 

GEOEOOY. — Upper Cretaceous floras of Uie eastern gulf region in 
Tennessee, Mississippi, Alabama and Georgia. Edward Widbbr 
BERhv. U. S. Gcot. Survey, Prof. Paper iia: 7-172. pis. 33, 
figs. 12. X919. 

Resides describing the floras, the author discusses in detail the dis- 
tribution, lithologic character, stratigraphic relations, and local sec- 
tions of the Tuscaloosa, Eutaw, and Ripley formations, and Selma 
chalk. As the bulk of the flora is from the Tuscaloosa formation and 
the representation of the Eutaw and Ripley floras is too meager to 
throw any considerable light upon their correlation or the physical 
conditions accompanying deposition, this contribution is devoted prin- 
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dpally to the elucidation of the Tuscaloosa flora, which, as described 
in the systematic chapter, embraces 151 species. The present treatment 
is conservative, as a considerable number of additional forms repre- 
sented in the collections by incomplete material have been left tm- 
characterized. ’ R. W. SToisnS. 

GEOLOGY. — Water-power investigations and mining developments in 
southeastern Alaska. G. H. CANifiEiyO, Thi^odorE Chapin, and 
R. M. Ov^RsncK. U. S. Geol. Survey Bull. 692-B. Pp. 94 
(43-136), pis. 2. 1919. 

Contents: 

1. Water-power invcstigatmis in southeastern Alaska. Gborge 
H. Canpield. 

2. Mining developments in the Ketchikan district. Theodora 
Chapin. 

3. Geology and mineral resources of the west coast of Chichagof Island. 
R. M. Overbeck. 

X. Consists of gaging station records. 

2. A brief note on mining in Ketchikan district in 1917. 

3. The complex geology of the west coast of Chichagof Island is the 

result largely of extensive intrusion, which has metamorphosed the 
rocks cut by the intrusive bodies and has complicated their structure. 
The geology of the island is discussed under the following heads: (i) 
Undifferentiated metamorphic rocks; (2) graywacke; (3) igneous rocks; 
(4) development of the topographic features. The rocks of the un- 
differentiated metamorphic scries are sheared conglomerate, limCvStone, 
argillite, tuff, flow rock, and intrusive rock, and several types of schist. 
No determinable fossils were found in these rocks; and altliough the 
rocks constituting this series may be of difTerent ages, they are probably 
older than Jurassic or Lower Cretaceous. The graywacke series con- 
sists of graywacke, of some slaty and argillaceous beds, and of a little 
greenstone. The igneous rocks are both intrusive rocks and flow rocks. 
Granite, quartz diorite, diorite, alaskite, aplitc, hornblende gabbro, 
norite, greenstone, and possibly some andesite, are the types of rocks 
represented. Quaternary deposits are practically absent, but tlie re- 
sults of the action of the ice are remarkably well shown by the topo- 
graphic features. Mines and prospects of gold, copper and nickel are 
described. R. W. Stone. 
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GEOLOGY . — Mining and mineral deposits in the Cook Inlet-Susitna 
legion, Alaska, Stephen R. Capps, J. B. Mertie, Jr., and G. C. 
Martin. U. S. Geol. Survey, Bull. 692-D. Pp. 106 (177-282), 
pis. 3, figs. 4. 1919. 

Contents: 

1 . Gold lode mining in the Willow Creek district. Stephen R. Capps. 

2. Mineral resources of the western Talkeeina Mountains. Stephen 
R. Capps. 

3. Mineral resources of the upper Chulitna region. Stephen R. 
Capps. 

4. Platinum-bearing gold placers of the Kahiltna Valley. J. B. 
Mertie, Jr. 

5. Chromite deposits in Alaska. J. B. MertiE, Jr. 

6. Geologic problems at the Matanuska coal mines. G. C. Martin* 

1. Quartz lodes in tlie Willow Creek district, Alaska, where mining 
has been done since 1908, have yielded more than $1,600,000 in gold 
and silver and are still being worked profitably. The character of the 
deposits and the work done in the district in 1917 are described. 

2. The western Talkeetna Mountains have long been considered a 
promising field for the prospector, but the only productive part of it 
thus far is the Willow Creek district. The construction of lines of 
Government railroads to the region has made information concerning 
the region especially timely and valuable. A sketch map of the region 
is given and its geography and geology as well as the vegetation, game, 
and routes of travel, are described. 

3. The mineral prospects in the upper Chulitna region lie 15 to 30 
miles southwest of Broad Pass and include both gold lodes and gold 
placers. For several years work has been done on lode claims in this 
remote region, which will be made more easily accessible by the Gov- 
ernment railroads. The bulletin includes a sketch map of the region 
and a description of its geography, geology, vegetation, and game 
animals, and details of tlic claims and prospects. 

4. Mr. Mertie gives a geologic sketch map of the Kabiltna Valley, 
describes its geography and geology, and presents an account of its 
mineral resources, which includes descriptions of the placers on many 
creeks. ITiough gold is the only mineral thus far recovered in com- 
mercial quantities the placers have yielded small quantities of other 
valuable minerals, which include platinum and ores of tin and tungsten, 

5. The chromite deposits of present interest in Alaska are at the 



^34 


abstracts: GEOI.OGY 


southwest end of Kenai Peninsula. A description of the deposit now 
mined and a map showing its location are given in the bulletin. 

6, The results of studies of the strata and of the structure in the 
Matanuska coal field, Alaska, made in 19x7, are reported. The paper 
includes sections showing the character, relations, and thickness of the 
beds of rock and coal at many localities, as well as a graphic fsection 
showing a tentative correlation of certain coal beds between places 
specified. G. C. M. 

GEOIvOGY. — Sulphur deposits and beach placers of southwestern Alaska. 
A. G. Maddrbn. U. S. Geol. Survey, Bull. 692-E. Pp. 37 
(283-319), pis. 2, figs. 6. 19x9. 

Sulphur deposits: Sulphur-bearing deposits at three localities in 
southwestern Alaska — in the crater of Makushin Volcano on Unalaska 
Island, on Akun Island, and near Stepovak Bay on the Alaska Penin- 
sula, are of the volcanic type termed solfataras — ^that is, they are surface 
deposits formed by sublimation from hot sulphurous volcanic vapors. 
They are situated in the bdt of active and quiescent volcanoes that 
extends throughout the Alaska Peninsida, the Aleutian Islands, and 
Japan. 

Makushin Volcano, about 6,000 feet in altitude, is in the northern 
part of Unalaska Island, about 12 miles west of Dutch Harbor. The 
floor of the crater is 300 to 500 feet below the higher crags of the rim, 
but the floor of the basin is exposed only in an area of 20 to 30 acres, 
where the sulphur deposits occur. Except in this bare area the basin 
is occupied by glacial ice and snow. It is evident that the main solfa- 
taric area is kept bare by subterranean heat. As a whole the sulphur- 
bearing deposit is earthy and appears to be composed chiefly of siliceous 
residual products of rock decomposition that have resulted from the 
highly corrosive chemical action of the hot solfataric vapors on the 
basalt. The richer deposits of sulphur occur within 2 feet of the stir- 
face, but there is also more or less finely divided sulphur disseminated 
to a depth of at least 16 feet. The commercial bodies of sulphur in this 
deposit are clearly surfidal. The percentage of sulphur at the surface 
does not indicate that rich deposits exist at depth, as is usually believed 
by the optimistic prospector. 

The sulphur at Akun Island deposit occurs chiefly in the form of 
crystalline incrustations one-sixteenth to one-eighth of an incli tliick 
on the walls of narrow crevices and small cavities in the porous earthy 
surface zone. 
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The sulphur-bearing rock near Stepovak Bay consists of porous 
volcanic breccia that contains compact crystalline sulphur in veins 
one-eighth to one-fourth inch thick. 

Beach places: The rocks of Kodiak Island and the neighboring 
islands consist chiefly of slates and gra3rwackes, which are cut by 
numerous but for the most part small intrusive masses, partly granitic. 
Schists that probably underlie the slates and gra3rwackes are present 
along the northwestern part of the island, and small areas of poorly 
consolidated Tertiary sediments are reported to lie along the south- 
eastern flanks of the island. Quaternary sediments that consist of 
ground moraine overlain by glacial outwash gravels and recessional 
moraines occupy the floors of all the larger valleys and form a con- 
siderable belt of coastal plain along the west coast. 

All the gold-placer deposits so far discovered on Kodiak Island are 
confined to the present ocean beaches and practically no valuable 
placer concentrations have been found in any of the present stream 
gravels. The evidence presented by the topographic development of 
Kodiak Island shows that postglacial wave erosion and concentration 
along the shores of the island, especially along the shores composed of 
unconsolidated fluvioglacial sediments, is the most active agency 
favorable to the formation of placer deposits. 

Earthquakes of considerable violence are known to occur frequently 
in this part of Alaska, and they may acederate erosion, especially in 
tracts of unconsolidated sediments such as the coastal plain here con- 
sidered, where steep escarpments facilitate the delivery of loosened 
material upon a beach where it may be directly attadeed by heavy 
surf. However, storms of unusual intensity or duration are the chief 
factors m concentrating the loose beach deposits and forming the 
temporary segregations of placer sands. 

The chief minerals that make up the heavy concentrates of the beach 
comprise magnetite, pyrite, chromite, gold, and a little platinum. 

R. W. Stone. 

GEOIyOGY. — Mining in Fairbanks, Ruby, Hot Springs, and Tolstoi 
Districts, Alaska. THEOix)Ke Chapin and George E- Harring- 
ton. U. S. Geol, Survey, Bull. 692-P, Pp. 31 ( 32 i- 35 i)» pl- 
fig. 1. 1919. 

The Fairbanks district, in the Yukon basin, has produced over 
$70,000,000 in gold and has been a source of considerable sflver, lead, 
tungsten, and antimony Mr. Chapin gives an account of the opera- 
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tions at the gold and the silver-lead lodes and at the tungsten deposits 
in 1917. 

A molybdenite-bearing quartz vein on Hcaly River, Alaska, which 
has been traced by shallow openings for the length of three claims, 
is tlie subject of a brief note. 

The Hot Springs district, in Alaska, has produced more than $6,000,- 
000 in placer gold, as well as some silver and tin. Mr. Chapin describes 
the occurrence of tin ore in the district, and gives an account of the 
mining operations there in 1917. Stream tin has been found in gold 
placers in the Ruby district at several places, but not in quantities large 
enough to pay for mining it except as an accessory to the gold. 

The Tolstoi district, Lower Yukon basin, includes an area about 12 
miles wide by 20 miles long, which lies on the flanks of Mount Hurst 
in the basin of Tolstoi River, on the branches of which placers that yield 
gold and platinum have been worked for several years. The topography, 
geology, climate, vegetation, and animal life of the district, the pro- 
ducing placers, and the economic factors that affect mining are de- 
scribed by Mr. Harrington. G. C. M. 

GEOLOGY . — Mineral resources of Seward Peninsula, Alaska, GieorgiS 
L. Harrington. U. S. Geol. Survey, Bull. 692-G. Pp. 48 
(353-400). pL I. 1919. 

Stream tin has been found in many streams in Alaska, and lodes of 
cassiterite have been prospected and mined at several places in Alaska. 
An account of the tin deposits and tin mining in Seward Peninsula is 
given. 

The graphite deposits of Seward Peninsula have been known for many 
years, but gold has so long been the most valuable mineral mined there 
that other minerals have not been much considered by the miner. 
The location of the deposits and the work that has been done on tliem 
are sketched. 

The search for the sources of the placer gold found in the streams of 
Alaska has been a part of the work of the geologists who have been 
studying and mapping the topography and geology of the Territory. 
The author describes the geology and mineral resources of the Kowalik 
and Ko3mk region, stating the means of communication, timber, coal, 
and sources of water supply, gives detailed descriptions of the gold and 
platinum placers, and makes suggestions as to the original sources of 
the metals. G. C. M. 
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GEOIyOGY . — A reconnaissance of the Pine Creek District , Idaho. Ed- 
ward L. Jones, Jr. U. S. Geol. Survey, Bull. 710-A. Pp. 36, 
pi. I. 1919. 

The Pine Creek district, Idaho, lies immediately west and south of 
the Wardner district of the Coeur d’Alene region. The Pine Creek 
drainage basin is underlain chiefly by sedimentary rocks of Algonkian 
age, termed the Belt series. These rocks are intruded by small black 
dikes, mainly along faults. Deposits of well-rounded gravel of Tertiary 
age cap many of the low hills adjacent to Coeur d’Alene River. Ex- 
tensive faulting has occurred in the Pine Creek district; all these faults 
are of the normal type. 

The ore deposits of the Pine Creek district are metasomatic fissure 
veins and fissure fillings, with gradations between the two types. The 
veins that show metasomatic replacement are best developed in shear 
zones along major faults; the fissure fillings are best developed along 
minor faults or in zones of moderate shearing. The veins are chiefly 
valuable for their zinc, lead, silver, and antimony content, though some 
contain also gold and copper. These veins are probably best classified 
on the basis of their dominant metal or mineral content, into zinc-lead, 
antimony, and siderite veins. 

The best examples of the metasomatic fissure veins are those of the 
zinc-lead type. The most valuable ore is a fine-grained aggregate of 
sphalerite and galena in which there are commonly fragments of im- 
replaced wall rocks. Pyrrhotite accompanies the ore and in places is 
the chief mineral. Chalcopyritc is usually present in small amounts. 

The antimony vcinvS differ markedly from the other veins of the dis- 
trict in mineral composition. The principal metallic sulphide is stib- 
nite. Pyrite is a common constituent of these veins, and here and 
there they contain sphalerite. 

ManganifcTous vSiderite veins occur in tlie southern part of the Pine 
Crock bashi. These veins arc simple fissure fillings. No important 
ore bodies have yet been developed in any of them. 

The primary sulphide minerals of the Pine Creek district are galena, 
sphalerite, pyrite, pyrrhotite, chalcopyrite, tetraliedrite, stibnite, and 
arsenopyrite. The minerals that resulted from the oxidation of the 
sulphides are cerusite, malachite, massicot, pyromorphite, and chal- 
cocite. 

Mines and prospects are described. R. W. Stone. 
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GEOIyOGY. — The Farnham anticline, Carbon County, Utah, Frank 
R. CivARK. U. S. Geol. Survey, Bull. 711-A, Pp. 13, pis. 2, fig. 
I. 1919. 

The Farnham anticline is in the south-central part of Carbon County, 
Utah. The surface strata involved in the anticline are the Mancos 
shale, the Dakota sandstone, and the McElmo formation. 

The antidine is a small uplift in a broad, gently northward-dipping 
monodine which was developed in the movement that produced the 
San Rafad Swell and Uinta Basin folds. It is about 3 miles long by 
three-quarters of a mile wide. The dip of the rocks affected by the 
antidine rarely exceeds 10® except adjacent to faults, where it ranges 
from 25® to 85°. Several faults cut the surface strata of the antidine 
and trend roughly parallel to the axis of the fold. 

The Farnham anticline is structurally favorable for the accumulation 
of oil and gas, and the nearest exposures of Triassic and Pennsylvanian 
rocks contain oil seeps. These conditions appear to warrant one or 
more test holes of this fold, and locations for test holes are suggested. 
This paper condudes with a review of oil and gas prospecting in Utah. 

R. W. SroNR. 

GEOLOGY. — Oil shale in western Montana, southeastern Idaho, and 
adjacent parts of Wyoming and Utah, D. Dai<K Condit. U. S. 
Geol. Survey, Bull. 7ii-B, Pp. 26 (15-40), pi. i, figs. 2. 1919. 

In the Dillon-Dell area, Montana, where the Phosphoria oil shale is 
at its best, the richest beds of 3 feet or more in thickness yield 25 to 30 
gallons of oil to the ton. The phosphate beds associated with the shale 
are thinner and contain considerably less phosphorus pentoxide than 
those mined near Montpelier, Idaho, and those known to occur in the 
Melrose and Garrison fields of Montana. Samples of the shales asso- 
dated with the high-grade phosphate rock in tlie southeastern Idaho 
area yielded on distillation little more than a trace of oil. 

R. W. Ston]^. 

ENTOMOLOGY. — The parasitic aculeata, a study in evolution, WiL- 
i^iAM Morton Wimni^KR. Proc. Amer. Phil. Soc. 58: 1-49. 
1919, 

After summarizing the various types of parasitism in the hymen- 
opterous insects known as Aculeata (excepting the Scoliids and Mutil- 
lids), and presenting an interesting hypothesis as to how parasitism 
arose, the author simunarizes his condusions as follows; 
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1. “We may distinguish two intergrading types of parasitism among 
insects. One of these is true parasitism and is represented by the 
lice, fleas, Mallophaga, many Diptera (Oestridae, Pupipara) and some 
Hemiptera, which live on mammals and birds and do not destroy their 
hosts. The other is parasitoidism, which is really a refinement of 
predatism and is eminently characteristic of large sections of the Hy- 
menoptera and Diptera (Tachinidae). It leads sooner or later to the 
death of the host. The difference between the two t3rpes is largely due 
to differences in the size and vigor of the hosts.” 

2. “Parasitoids are of two classes, one of which is best represented 
by the so-called Parasitica among the Hymenoptera and the Tachinidae 
among the Diptera, which have no genetic relationship with their hosts. 
The other class of parasitoids is represented by the Aculeates which 
have sprung directly from their host species (intraspecific parasitoids), 
though they may subsequently acquire hosts among other species of the 
same genus or of other genera and may in turn be the ancestors of para- 
sitic species.” 

3. “The derivation of all the existing Aculeata from primitive in- 
sectivorous wasp-like ancestors may account for the retention of a 
rather uniform pattern of behavior among the parasitic species. The 
parasites, both among the solitary wasps and the solitary bees, behave 
in a very similar manner, though the former are reared on insect prey, 
the latter on pollen and honey.* * * ” 

4. “The origin of parasitism among the Aculeata may be attributed 
to urgency of oviposition and temporary or local dearth of the supply 
of provisions for tlie offspring.” 

5. “In dl the different forms of para>sitism among the Aculeata, 
there are traces of the primitive predatism or parasitoidism from which 
it arOvSe, although in some of tlie social parasites this is represented only 
by the aggressive or conciliatory intrusion of the recently fecundated 
female into the host colony,* ^ * ” 

6. “Although many cases of parasitism are known to occur among the 
Aculeata, and altliough many others will doubtless be discovered in the 
future, nevertheless the total number muse be small in comparison with 
the thousands of nonparasitic species. Contemplation of such a series 
as we find among the ants, beginning with Formica sanguinea, which 
is an abundant, vigorous and aggressive species, and eqding with Aner- 
gates atratulus, a small, sporadic, and apparently evanescent species, 
without workers and with wingless, nymphoid males, suggests that 
parasitism among the Aculeates tends to such extreme specialization 
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(“degeneration'’) EwS to lead to extinction. If we possessed a knowledge 
of the whole evolution of the Aculeate group, we should probably find 
that tlic total number of parasitic species which it produced during the 
ages was very great, but that the vast majority of them, after reach- 
ing tlie Anergates or a similarly specialized, or degenerate stage, lingered 
on precariously for a time and then disappeared." 

The paper is completed with a list of the literature examined. 

S. A. Rohwbr. 

CERAMIC CHEMISTRY.— oj glass, N. L. Bowen. 
Joum. Amer. Ceram. Soc. 2: 261-278. April, 1919. (Geophysical 
Lab. Papers on Optical Glass, No. 9.) 

Devitrification of glass is the result of the tendency of the glass to 
reach the stable crystalline condition and takes place whenever the glass 
is held for a sufficiently long period of time within the range of tem- 
perature where its crystallizing power is great. The various forms of 
devitrification in glass are discussed from this point of view and sug- 
gestions are made as to the principles that must be borne in mind in 
deciding upon modifications of procedure or changes in composition 
that have as their object the avoidance of devitrification. Specific 
examples of the devitrification of optical glasses are given, together with 
identification of the crystalline phases separating. N. L. B. 

CERAMIC CHEMISTRY. — The volatilization of iron from optical 
glass pots by chlorine at high temperatures, J. C. Hostetter, 
II. S. Roberts and J. B. Ferguson. Joum. Amcr. Ceram, 
ySoc. 2: 356-372. May, 19x9. (Geophysical Lab. Papers on 
Optical Glass, No. 12.) 

Of all the ordinary impurities found in optical glass, iron exerts the 
grcatCvSt influence on transmission. The iron-content of the glass .irises 
from pots used as containers during melting as well as from the raw 
materials. The content of iron in the glass and, therefore, its trans- 
miwSvsion, would be considerably improved if the iron could be removed 
from the pot-walls before use. Chlorine appeared to be a suitable 
agent for this purpose, and experiments demonstrated the fact that 
approximately 80 per cent of the iron could be extracted from the in- 
terior of the clay pots and volatilized by the action of chlorine at tem- 
peratures easily secured in a pot-arch or glass-melting furnace. lArge- 
scale experiments were carried out and conditions developed for remov- 
ing more iron from the bottom of the pot, where the most corrosion 
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takes place, than from the side-walls. Glass melted in these pots 
showed, in all cases but one, less iron than that made in untreated pots. 
In the exception noted above, however, more iron was found in the 
glass made in the treated pot, and it was shown that, although the iron 
had been volatilized from the pot, more than usual pot corrosion had 
taken place during melting. The success of the method, then, depends 
on whctlier a dense surface can be made in such pots when the iron has 
been removed, as, for instance, by burning under different conditions 
from that obtaining dtuing the course of these experiments. With 
some types of pots the method would undoubtedly be successful, even 
with the usual burning schedules. The possible application to the re- 
moval of iron from grog, clay, and other ceramic products is indicated. 

J. C. H. 

radiotelegraphy . — Principles of radio transmission and re- 
ception mill antenna and coil aerials. J. H. Deeeinger. Proc. 
Amer. Electr. Eng. 38: logs-tiso. 1919. 

Coil aerials are coming to replace the large antennas in radio work. 
The advantage of the coil aerial as a direction finder, interference pre- 
venter, reducer of strays, and submarine aerial, make it important to 
know how effective such an aerial is as a transmitting and receiving 
device in comparison with the ordinary anteima. In this article the 
mathematical theory is presented and, as a result, the answer 
to this question is obtained. Experiments have verified the conclu- 
sions reached, and the formulas which are obtained are a valuable aid 
in the design of an aerial to fit any kind of radio station. 

It is found that tlie coil aerial is particularly desirable for communica- 
tion on short wave lengths. A coil aerial is as powerful as an antenna 
only when its dimensions approach those of the antenna. Eor other 
reasons, however, a .small coil aerial is in many cases as effective as a 
large iuitemui. It is .shown that an advantageous type of radio aerial 
is a condenser consisting of two large metal plates. This type of aerial 
has many of the advantages of the coil aerial. The fundamental 
principles of design of aerials arc given in the paper. On the basis of 
this work the actual functioning of any type of radio aerial can be de- 
termined either from measurements made upon the aerials or from ac- 
tual transmission experiments. J. H. D. 



PROCEEDINGS OF THE ACADEMY AND AFFIEIATED 

SOCIETIES 

PHaosoPHicAE society 

820TH MEETING 

The 820th meeting was held at the Cosmos Club, May 24, 1919, 
with President Humphreys in tlie chair and 34 persons present. The 
minutes of the 819th meeting were read in abstract and approved. 

The first paper, by Messrs. II. L. Curtis and R. C. Duncan, on 
Measurements of short time intervals, was presented by Mr. Duncan. 

Early in the war, at the request of the Navy Department, the Bureau 
of Standards undertook the investigation of certain factors which had 
to do with the firing of the 14-inch Naval guns. It was desired to 
measure a number of time intervals into winch the total firing time 
of the gun may be divided and also to study the motion of the gun as a 
function of time. Both of these problems required the measurement 
of short time intervals with considerable accuracy. 

The General Electric oscillograph was chosen as the apparatus for 
recording the events which were to be studied. A ^edal timing 
^stem was installed in the oscillograph, which ruled on the film an 
equal interval time scale, consisting of sharp lines nmning across the 
film. By means of a proper optical system, light from the arc used 
to illuminate the mirrors of the oscillograph was caused to fall on the 
film after passing through a narrow slot, which was open only for very 
short times at regular intervals. This slot was made by fastening a 
slotted aluminum vane on each prong of a tuning fork and adjusting 
the vanes so that when the fork is at rest the slots will allow the light 
to pass through. As the fork vibrates, these slots are opened twice 
each vibration. A 500-cycle fork is used to rule the film in thousandths 
of a second, while the 50-cycle fork rules the film in hundredths of a 
second. 

Considerable trouble was experienced in driving the 500-cyclc fork 
at sufficient amplitude. Satisfactory results, however, were finally 
obtained by driving soocyde forks by means of a loo-cycle master 
fork. In this way the electro-magnets of the 500-cycle forks were 
energized once every five vibrations and by careful tuning it has been 
possible to get a double amplitude of nearly 2 mm. This is important, 
as the sharpness of the timing lines depends upon the amplitude of the 
fork vibrations. In order to eliminate any possible errors due to the 
master fork, a relay is so arranged that as the exposure is made the 
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driving current is broken and the timing forks, therefore, vibrate 
freely. A similar set-up consisting of .so-cycle forks and a 50-cycIe 
ma.ster fork is used to rule slow-moving films into hundredths of a 
second. 

An examination of the timing line records indicates that the lines are 
not equidistant, every alternate interval being slightly wider tlian 
the intervening ones. This is due to the fact that the vanes are not 
properly adjusted. As it was found almost impossible to adjust th^m 
exactly these errors are eliminated by interpolating between every 
other line. It is only necessary to do this when extreme accurary is 
desired. 

Further examination of the records indicates that the time exposure 
is extremely short, certainly not greater than 0.000 01 second. Fven 
when the film is moving at a speed of 1500 cm. per second the lines are 
quite sliarp. 

In order to test the accuracy which could be obtained in the de- 
tennination of time intervals, one film was exposed on each of two 
oscillographs simultaneously. One recording galvanometer on each 
oscillograph was put in series with a current interrupted by a t uning 
fork. By examining the two films, it was possible to identify the 
individual interruptions. Measurements were then made on both 
films to determine tlic time intervals between certain vibration rates 
of the two circuits. The time intervals measured on the two films 
varied in every case by less than 0.000 01 second. 

It tlicrefore seems that this method makes it possible to measure 
intervals of thousandths of a second to better than one per cent, while 
intervals from o.i to 0.2 second can be measured* with an accuracy 
of about 0.01 per cent. 

The paper was illustrated by lantern slides. It was discussed by 
Messrs. and Bsal. 

Tlie second paper was by Mr. A. F. Beap, on Comparison of invar 
with steel as shown liy the rates of high grade watcJtes. 

For watches such as the Bureau of Standards is testing for use as 
chronometers by the United States Shipping Board, where they are 
mount wl so as to remain horizontal at sdl times, the compensation for 
changes of temperature is the only important known cause of vaimtion 
that is not entirely within the control of the adjuster.^ Uniformity of 
rate for different temperatures depends upon the physical constante of 
tlie balance wheel and hairspring, and perfect compensation has been 
unobtainable with tlie customary steel hairspring md brass-sted 
balance wheel. If, in the balance wheel, invar be substituted for sted, 
a combination can be obtained which will show rates that are practically 
constant over large ranges of temperature. 

During 1917 and 1918, the Btureau of Standards tested the watches 
suppli^ on two purdiase orders placed by the United States Shipping 
Board with two American manufacturers of high grade watches. 
Those supplied on one of these orders (for 200 watdaes) had brass- 
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steel balance wheels and the watches were constructed from new de« 
signs in only a few months. Those submitted on the other order (for 
250 watches) had brass-invar balance wheels and had been carefully 
developed during about five years or more. The mean of the middle 
temperature errors (difference of daily rate at 20 °C. from the mean 
of the daily rates at 35 °C. and 5°Q.) for the 200 accepted watches 
with brass-steel balance wheels was 2.25 seconds, while for the 250 
accepted watches with brass-invar balance wheels the mean was 0.24 
second, thereby showing that invar will permit much better tem- 
perature compensation than will steel. 

Following the end of the acceptance tests of these watches they were 
checked up each week until they were sent to the ships ; the mean weekly 
temperatures were also observed. The rates of 30 watches with brass- 
invar balance wheels and 32 watches with brass-steel balance wheels 
were carefully corrected for the observed changes of temperature. 
Based upon observations for t 8 weeks the mean of the probable errors 
of forecasting tlic mean daily rate for the ensuing week was 0.277 
second for the brass-invar watches and 0.260 second for the brass- 
steel. 

It was noticed that occasionally the watches with brass-invar balance 
wheels showed sudden permanent changes of rate corresponding to 
permanent changes in the inertia of the balance wheels. Tliese 
occasionally amounted to 10 seconds in the mean daily rate. Follow- 
ing a jump of this character, the rate of a watch usually would remain 
practically constant at its new value. Most of the watches did not 
show any pronounced changes. In computing the above probable 
errors, tliere was not used any watch which showed an important 
change of rate. These erratic performances were not observed for the 
watches with brass-steel balance wheels. 

The conclusion is that invar, when substituted for steel in balance 
wheels, will permit practically perfect temperature compensation, 
and will show good stability of rate; occasionally, however, sudden 
permanent changes of rate throw a shadow of doubt over the ad- 
vivsahility of this substitution. This conclusion is in agrectneiit with 
statements made by employees of certain watch manufacturers who 
have experimented on this vSubject, and with the reports on the stability 
of invar for other purposes. 

The paper was illustrated by lantern slides. It was discussed by 
Messrs. R. Y. Ferner, C. A. Briggs, and W. P. White. 

Adjournment took place at lo.io and was followed by a social hour. 

S. J, Mauchey, Recording Secretary » 



SCIENTIFIC NOTES AND NEWS 

MATTERS OP SCIENTIFIC INTEREST IN CONGRESS^ 

The lirst of the bills commented upon in this column to become law 
is H. R. 6810, the National Prohibition Act. At the time of the last 
report on this bill^ it was before the Senate Committee on the Judiciary, 
which reported the bill with numerous amendments on August 18 
(Report 151). The bill was debated in the Senate on September 4 
and 5, and the section providing for tax-free pure alcohol for scientific 
purposes was modified in severd respects, among which was the sub- 
stitution of the words “for scientific purposes, or for the use of any 
hospital” in place of the words “for the use of any scientific university 
or college of learning, any laboratory for use exclusively in scientific 
research, or any hospital not conducted for profit.” 

The amended bill was passed by the Senate on September 5, and as 
the House disagreed to many of the amendments, was sent to con- 
ference on September 9. As modified by the conferees it was passed 
by the Senate on October 8 and the House on October ro, but was 
vetoed by the President on October 27 on account of the inclusion of 
war-time prohibition provisions. The House and Senate promptly 
re-enacted the bill over the veto and it became Public Taw 66 on 
October 28. 

The provision for tax-free alcohol for scientific work, as finally 
adopted, is as follows; 

(Part of Title III, Section ii) : “Alcohol may be withdrawn, under 
relations, from any industrid plant or bonded warehouse tax free 
by the United States or any govemmentd agency thereof, or by the 
several States and Territories or any municipd subdivision thereof 
or by the District of Columbia, or for the use of any scientific university 
or college of learning, any laboratory for use exclusively in scientific 
research, or for use in any hospitd or sanatorium.” 

The First Deficiency Act for 1920 (H. R. 9205), which was signed 
by the President on November 4 as Public Law 73, carries appropria- 
tions for the Bureau of Standards of $250,000 for industrid research, 
$25,000 for tlie study of safety standards, and $50,000 for standardization 
work on imstruments, machinery, and equipment. 

A bill “to authorize the President of the United States to arrange 
and participate in an intemationd conference to consider questions 
relating to intemationd communication” was introduced in October, 
in the Senate by Mr. Lodge (S. 3i72)-and in the House by Mr. Rogers 
(H. R. 9822). The House bill was passed on October 22, with one 
amendment, providing for confirmation of the ddegates by the Senate. 

' Preceding report: This Journai, 9: 562. 1919. 

* This JouRNAi, 9: 423. 1919. 
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It is now before the Senate Committee on Foreign Relations. Among 
the questions to be considered are problems of wireless wave-lengths 
and of vessel-to-shore communication. 

The Patent Office legislation, before the House Committee on 
Patents, was divided several weeks ago so that the bills proposing an 
independent patent and trade-mark department and a court of patent 
appeals were to be further considered by a subcommittee, while another 
subcommittee was to consider salaries in the Patent Office. 

Dr. C. D. Aesberg, chief of the Bureau of Chemistry, appeared 
in October before the Senate Committee on Agriculture and Forestry, 
to testify concerning the properties and uses of saccharin. The Com- 
mittee had under consideration S. Res. 209, authorizing an investiga- 
tion and report on “the present status of saccharin under d^artmental 
regulations and the feasibility of its wider use in the United States 
for the relief of the present sugar shortage.” 

Hearings were held on Mr. Myers’ anti-vivisection bill* (S. 1258) 
on November 1-4, before a subcommittee of the Senate Committee on 
the Judiciary. Representatives of various anti-vivisection organiza- 
tions spoke in favor of the bill. The bill was opposed by Drs. W. H. 
Wbech, Simon Flexner, C. W. Stdues, W. B. Cannon, Reid Hunt, 
J. B. Nichols, and many others, representing the medical profession 
of the District of Columbia and the country at large, as well as the 
Army and Navy and the Federal bureaus. “A public meeting to 
arouse feding favorable to the bill” was hdid at the Public Library 
on October 31. 

The need of research on methods for the fixation of atmospheric 
nitrogen is recognized in H. R. 10329 (Mr. Kahn, November i): “A 
bill to provide further for the national defense; to establish a sdf- 
sustaining Federal agency for the manufacture, production, and de- 
velopment of the products of atmospheric nitrogen for military, experi- 
mental, and other purposes; to provide research laboratories and 
experimental plants for the development of fixed-nitrogen production; 
and for other purposes.” 

The bill provides for the organization of the “United States Fixed 
Nitrogen Corporation,” with a preferred capital stock of $12,500,000, 
to be subscribed by the United States. Control is placed in a board 
of directors appointed by the Secretary of War. The Corporation is 

g 'ven power to acquire and operate U. S. Nitrate Plants Nos. i and 2 
.t Sheffield and Muscle Shoals, Alabama) together with accessory 
plants, including the fixed nitrogen research laboratory now located 
at the American University in Washington; and to act as agent of the 
President in completing and operating the hydrodectric power plant 
at Musde Shoals, as specified in the National Defense Act of June 3, 
1916, but firee from the limitations and restrictions imposed by that 
act. The bill was referred to the Committee on Military Affairs. 

• This JoxnoTAi, 9; 422. 1919. 
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NOTES 

The property at 1201 Sixteenth Street, now leased and occupied by 
the National Research Council, has been purchased by the National 
Educational Association. 

The Governor of the Territory of Hawaii has requested the Geological 
Survey to make a geological examination of the territory with rrference 
to its ground-water resources. Field work will probably be started in 
January by 0. E. Meinzer, W. 0 . Ceark, and L. F. Nobi^. 

The Coast and Geodetic steamer Hydrographer, while surveying the 
Florida Reefs, was caught in the hurricane of September 9. The cables 
fouled those of the Tuscarora^ and, in order to save bo^ vessels, the 
officers and men of the Hydrographer had to be transferred to the 
Tuscarora; the cables were then slipped by mate Straube and the 
Hydrographer was blown across the channd on to the shoals. The 
vessel was floated later and hauled out at Key West for examination. 
The Secretary of Commerce has sent a letter to Commander G. C. 
Mattison and the men of the Hydrographer, commending their skill in 
salvaging the vessel without outside assistance. 

Dr. Horace G. Byers, formerly of the University of Washington, 
who was recently appointed chemist in charge of soil investigations 
in the Bureau of Soils, has accepted the position of head of the depart- 
ment of chemistry at Cooper Union Institute, New York City. 

Mr. W. J. Cotton has resigned from the Color Laboratory of the 
Bureau of Chemistry to accept a position with the National Aniline 
and Chemical Company, of Buffalo, New York. 

Lieutenant Colonel CoERT DuBois, District Forester at San Fran- 
cisco, California, has resigned from the U. S. Forest Service and entered 
the Consular Service. Colonel DuBois had been a member of the 
Forest Service since 1900. 

Mr. Chester G. GieberT resided from the Smithsonian Institution 
on October x, to accept a position on the staff of Arthur D. Little, 
Inc., of Cambridge, Massachusetts. This organization has opened a 
Washington office in the Munsey Building, witJh Mr. Gilbert in charge. 

Mr. F. W. Geading, of the Bureau of Standards, h^ resigned to 
become Industrial Engineer for the Baldwin Locomotive Works, at 
Philadelphia, Peimsylvania. 

Dr. AeeS Hrdeicka has been made an honorary member of the 
Association Li%ois pour TEtude et TEnseignment des Sciences Anthro- 
pologiques, at Li^ge, Belgium. 

Dr. Grinneee Jones, chemist to the Tariff Commission, has re- 
turned to Harvard University but is still retained in an advisory capacity 
by the Commission. 
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Dr. D. J. Kedey, first assistant examiner in Division 31^ of the Patent 
Office, died on July 24, 1919. He had been connected with the Patent 
Office since 1880, and had become an authority on the development 
of the mineral oil industry. 

Dr. G. F. Loughein, of the Geologicd Survey, is giving a course 
of lectures on metalliferous geology at the Massachusetts Institute of 
Technology, temporarily fiiihng the place of Professor WaedBmar 
Dindgeen. 

Mr. H. A. Nelson, formerly of the Bureau of Standards, is now 
with the New Jersey Zinc Company. 

Mr. C. G. Quieeian, of the U. S. Coast and Geodetic Survey, has 
laid out a speed-trial course for the use of aircraft in the vicinity of 
Rockaway Beach, Dong Island, at the request of the Navy Depart- 
ment. 

Dr. D. W. Stephenson, of the Geological Survey, has been granted 
a six months' leave of absence in the early part of 1920, in order to do 
stratigraphic work for one of the oil companies in the Tampico oil 
field, Mexico. 
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ZOOLOGY. — The Philippine Island Iqndshells of the genus 
Platyraphe.i Paul Bartsch, U. S. National Museum. 

Demands for identification of Philippine Island land moHusks 
have made it necessary to subject a munber of groups to a thor- 
ough revision. Of these the genus Platyraphe seems to have 
been very poorly understood by writers in the past, and mem- 
bers belonging to this genus have been indiscriminately placed 
Twth Platyraphe or Eucyclotus and Pseudocyclophorus. It is not 
at all surprising that this should have been the case, for the true 
characters of the group seem to have so far been overlooked, 
and the superficial characters in many instances resemble char- 
acters presented by members of the other two genera. 

Members of the genus Platyraphe can, however, always be 
distinguished by the possession of a slender tube in the angle of 
junction between the outer lip and the parietal wall, on the inside 
of the aperture; that is, on the inside of the posterior angle of the 
aperture. This tube begins a little behind the peristome where 
it is pimctured and extends back for a variable distance in dif- 
ferent species, terminating in a second pimcture. It is evidently 
used as a breathing siphon when the animal is withdrawn and 
the shell sealed by the operculum. 

Additional new material is arriving so frequently from un- 
explored regions of the Islands that it does not seem advisable 
at the present time to publish a monograph upon this group. 
I am, therefore, retaining the manuscript, which is being added 
to as the material arrives, and for the present offer a simple 
key, which it is believed will be of assistance to collectors in 
identifying their material. 

* Published by permission of the Secretary of the Smithsonian Institution. 
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Key to the subgeaera of Platyraphc 

Last opercular turn covered with a solid fused deposit. 

Platyraphvna new subgenus 
Type Platyraphe {Platyraphim) catanduanensis Bartsch 
Last opercular turn not covered with a solid fused deposit. 

Last opercular turn provided with obliquely placed imbricating 

scales Platyraphida new subgenus 

Type Platyraphe (Platyraphida) anthopoma MSllendorff 
Last opercular turn not provided with obliquely placed 
imbricating scales. 

Operculum with the inner edge of the whorls upturned 
to form a thickened lamella. .. Mdllendorff 

Type Platyraphe (Platyraphe) coptolo^ MSllendorff 
Operculum with the inner edge of the whorls not up- 
turned to form a thickened lamella 

Platyraphella new subgenus 

Type Platyraphe (Platyraphella) malihagoana Bartsch 

Key to the species and subspecies of the geosts Platyraphe 

Last opercular turn covered with a solid fused deposit 

: PLATYRAPHINA 

Spiral sculpture present on last turn. 

Greater diameter more than 17 nxm catanduanensis 

Greater diameter less than 9 mm ccdayanensis 

Spiral sculpture absent on last turn mamillata 

Last opercular turn not covered with a solid fused deposit 
Last opercular turn provided with obliquely placed imbricating 

scales PLATYRAPHIDA 

Greater diameter more than 14 mm. 

Spire depressed anthopoma 

Spire elevated medda 

Greater diameter less than 14 mm. 

Last nudear turn with strong adal riblets minor 

Last nudear turn with feeble axial riblets montalbana 

Last opercular turn not provided with obliquely placed imbricat- 
ing scales. 

Opercidum with the inner edge of the whorls upturned to form 

a thickened lameUa PLATYRAPHE 

Last whorl disjunct at the aperture in adult shells. 

Spiral lirations strongly devdoped on the last whorl. 

Peristome deddedly expanded coptolonia 

Peristome not expanded. 

Greater diameter more than 6 mm. 

Strong spiral lirations at the end of the second 
whorl 8 princessana 
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Strong spiral lirations at the end of the second whorl 
not 8. 

Strong spiral lirations at the end of the second 

whorl 10 busuangensis 

Strong spiral lirations at the end of the second 
whorl not 10. 

Strong spiral lirations at the end of the second 

whorl 12 balabakensis 

Greater diameter less than 6 mm. 

Strong spiral lirations at the end of the second 

whorl 12 ulugana 

Strong spiral lirations at the end of the second 
whorl not 12. 

Strong spiral lirations at the end of the second whorl 
9 - 

Greater diameter more than 5 mm leytensis 

Greater diameter less than 5 mm guimarasensis 

Spiral liratiohs not strongly developed on the last whorl. 

Spiral lirations only feebly developed on the last whorl. 

Strong spiral lirations at the end of the second whorl 

16 gradata 

Strong spiral lirations at the end of the second whorl 
not 16. 

Strong spiral lirations at the end of the second 

whorl 12 toledocma 

Strong spiral lirations at the end of the second whorl 
not 12. 

Strong spiral lirations at the end of the second 

whorl 8 businensis 

Strong spiral lirations at the end of the second 
whorl not 8. 

Strong spiral lirations at the end of the second 

whorl 7 mgrosensis 

Strong spiral lirations at the end of the second 
whorl not 7. 

Strong spiral lirations at the end of the second 
whorl 6. 

Spiral liratious on the umbilical wall of the 

last whorl well marked mindamnsis 

Spiral lirations on the umbilical wall of tte 

last whorl obsolete buriasensis 

Spiral lirations not feebly developed on the last whorl. 
Spiral lirations absent on the last whorl. 

Incremental sculpture very strong. 

Incremental sculpture consisting of rough riblike 
elements and fine threads between them, .surigaoana 
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Incremental sculpture consisting of rough riblike 
elements only. 

Greater diameter more than 13 mm. 

Inner edge of opercular turns decidedly free, 


forming a strong lamella cebuensis 

Inner edge of opercular turns not decidedly 
free nor forming a strong lamella. . .anacampta 

Greater diameter less than ii mm samarcnsis 

Incremental sculpture not very strong balukensis 


Last whorl not disjunct at the aperture in adult shells. 
Last whorl strongly spirally lirate. 

Spiral lirations absent on the anterior third of the 


whorls. 

Greater diameter more than 13 mm mucronata 

Greater diameter less than 13 mm. 

Greater diameter more than 10 mm. 

Shell finely spirally lirate cagayanica 

Shell coarsely spirally lirate irincentensis 

Greater diameter less than 8 mm palauiensis 


Spiral lirations not absent on the anterior third of the whorl. 
Shell planorboid. 

Spiral sculpture present at the summit of the whorls. 


Nepionic whorls dark. 

Greater diameter more than 10 mm lateplicata 

Greater diameter less than 9 mm stenostoma 

Nepionic whorls light sibuyanensis 


Spiral sculpture absent at the summit of the whorls . 

lubangensis 

Shell not planorboid. 

Spiral lirations feeble on the upper surface of the last 
fourth turn. 

Spire depressed. 

Spiral lirations on the base of last whorl strong 

jordam 

Spiral lirations on the base of last whorl feeble 

toppingi 

Spire not depressed but rather elevated. 


Axial sculpture very coarse saranganimsis 

Axial sculpture not coarse palmasensis 


Spiral lirations not feeble on the upper surface of 
the last fourth turn. 

Spiral lirations obsolete on the upper surface of the 
last fourth turn. 


Greater diameter more than 10 mm. 


Strong spiral lirations on the next to the last 

whorl 5 pagbilaoensis 

Strong spiral lirations on the next to the last 
whorl not 5. 
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Strong spiral lirations on the next to the 

last whorl 6 pusilla 

Strong spiral lirations on the next to the last 
whorl not 6. 

Strong spiral lirations on the next to the 

last whorl 12.. bonahaoana 

Greater diameter less than 9 mm. 

Spiral opercular lamella remarkably broad.6?fZ«5awa 
Spiral opercular lamella not remarkably broad. 
Spiral lirations at the end of the second 
whorl 8. 

Spiral lirations strong on the first half of 

the last turn balanacana 

Spiral lirations feeble on the first half of 

the last turn iicaoensis 

Spiral lirations at the end of the second 
turn not 8. 

Spiral lirations at the end of the second 

ttxm 7 masbatensis 

Spiral lirations at the end of the second 
turn not 7. 

Spiral lirations at the end of the second 

turn 5 marinduqnensis 

Operculum with the inner edge of the whorls not upturned to 

form a thickened lamella PLATYRAPHELLA 

Umbilicus almost closed. 

Strong riblike axial sculpture distantly spaced. . . ,malibagoana 
Strong riblike axial sculpture not distantly spaced globula 


Umbilicus not almost closed- 
Umbilicus narrow. 

Greater diameter more than 12 mm. 

Axial sculpture of base very rough plebeia 

Axial sculpture of base not very rough camarinana 

Greater diameter less than 10 mm cruzana 

Umbilicus broad. 
vSpire well elevated. 

Greater diameter more than 12 mm expansilabris 

Greater diameter less than ii mm. 

Peristome broadly expanded calamianensis 

Peristome not broadly expanded bakuitana 

vSpire depressed substriaia 
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PROCEBDINGvS oe the academy and affiliated 

■ SOCIETIES 

■ BIOLOGICAL society 

599TH mi^bting 

The 599th regular meeting of the Biological Society of Washington 
was held in the Assembly Hall of the Cosmos Club on October 18, 1919; 
called to order at 8.30 p.m. by Vice-President N. HoItLISTBR. Thirty- 
six persons were present. 

The following informal communications were presented: 

R. W. ShubeIvDT: Exhibition of a young specimen of the wood tortoise 
[Clemmys insculpta {Le Conte)] secured recently near Bennings, in 
the District of Columbia. An adult animal was shown for comparison. 

Wm. Palmbr: Ftirther remarks upon the occurrence of the wood 
tortoise in the District of Columbia. Three were reported from the 
Eastern Branch, one from Plummers Island and another from a marshy 
spot below Plummers Island. One taken by E. A. Prbbi^E is now in 
the District Collection in the National Museum. Three yotmg tor- 
toises of this species were taken from the stomach of a copperhead 
killed by F. C. Craiqbmax>. 

P. Bartsch: Note on the extraordinary tameness of red-breasted 
nuthatches observed on Mu Monadnock, New Hampshire. 

The regular program consisted of three communications. 

J. S. GutsblIv: Use of selective screens in studies of oyster larvae. 
Mr. Outsell stated that in studies of larval oysters the Bureau of Fish- 
eries has developed a method of collecting material from a power boat, 
by means of a pump having a capacity of several gallons a minute. 
T^ie water thus secured is strained through a screen made of bolting 
silk. Catciies are made in desired localities, placed in suitable con- 
tainers, and transferred to the laboratory. There the material is 
passed through a series of six wire-gauze screens of graduated fineness. 
Much undesired material is removed by the two upper screens that are 
coarse enough to permit the passage of the oyster larvae. The four 
remaining screens automatically separate the larvae according to size. 
Daily studies of the condition of the segregated larvae make it possible 
to foretell the time when the larvae will set. As the method of col- 
lection is quantitative, it is possible also to show where the larvae are 
drifted by tidal currents and thus to indicate the location of the culch 
when the proper time arrives. Discussion by Dr. P. Bartsch followed. 
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T. S. Palmer: The discoverer of the toothed birds of Kansas. Dr. 
Palmer presented a brief account of the life of Prof. Benjamin Frank- 
lin Mudge, former State Geologist of Kansas. Prof. Mudge was bom 
at Orrington, Maine, August ii, 1817, and died at Manhattan, Kansas, 
Nov. 21, 1879. He came to Elansas about the beginning of the Civil 
and was elected State Geologist in 1864. In 1865 he was ap- 
pointed Professor of Natural Sciences in the State Agricultural College 
at Manhattan. The last five years of his life were spent in collecting 
fossils for Prof. O. C. Marsh. During the summer of 1872 Prof. 
Mudge discovered in the Niobrara beds of the Solomon River the re- 
mains of Ichthyornis dispar ^ the fimt known Cretaceous bird belonging 
to the group that had teeth in sockets. Four years later at Fort Mc- 
Kinney, Texas, he discovered another species now known as Ichthyornis 
lentus. Only five other species of this genus are now recognized. Prof. 
Mudge has been described as a “Prince of collectors in the West,” 
and Prof. LesquerEaux referred to him in 1871 as “the only truly 
scientific Geologist west of the Mississippi River.” Discussion by 
J. W. Gidley, a. Wetmore and R. W. Shoteldt followed. 

Paul BarTSCh: Results in Cerion breeding. Dr. Bartsch gave an 
interesting account of experiments in transplanting landshells of the 
genus Cerion from Andros Island in the Bahamas to certain of the 
Florida Keys. A complete report of the results obtained is now in 
press and will be published shortly by the Carnegie Institution of 
Washington. Discussion by H. C. Oberholser and A. Wetmore 
followed. 

Alexander Wetmore, Recording Secretary pro tern. 

600TH meeting 

The booth regular meeting of the Biological Society of Washington 
was held in the Assembly HaU of the Cosmos Club, on November 
I, 1919; called to order at 8.10 p.m. by President H. M. Smith. Fifty- 
five persons were present. 

On recommendation of the council the following were dected to 
membership: Federated Malay States Museum, Kuala Lumpur, 
P. M. S.; Ellsworth Killip, U. S. National Museum. 

It was announced that the Council had resolved to tender a vote of 
thanks to Dr. M. W. Lyon, TR-, in recognition of his faithful and un- 
tiring service as Recording Secretary. This action of the Council 
was confirmed, and unanimously endorsed by the members present. 

Under heading of book notices and general notes the following were 
communicated: 

Dr. H. M. Smith read an aimoxmcement of the unveiling of a monu- 
ment at Arlington Cemetery, dedicated to the memory of Surgeon 
General George Miller Sternberg. Gen. Sternberg was President 
of the Society in 1895 and 1896. 

Dr. T. S. Palmer gave notice of the meeting of the American Or- 
nithologists’ Union to be held in New York City, November ii to 13. 
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inclusive. Dr. Palmer continued with an account of a visit to the 
New York City Marble Cemetery, where he saw the grave of Dr. 
David Hosack. Dr. Hosack, a physician, came to this country from 
Scotland in 1794, and was instrumental in founding the first Potanical 
Garden in America, in 1801. Dr. Palmer also announced that re- 
cently, in Philadelphia, he had examined a slate over the grave of 
RaBinesquE, a site that previously had been tmmarked. A suitable 
tablet has now been installed through tiie generosity of Messrs. Hand, 
Mercer and Rhoads. 

Dr. C. W. Stiles remarked that he had recently seen the grave of 
E. A. DE SCHWEINITZ in Winston-Salem, North Carolina. Dr. Stiles 
also annoimced that recently two manatees {Trichechus manalus Linn.) 
had appeared in Wrightsville Sound, eight miles from Wilmington, 
N. C., a northern record for this mammal. One of these manatees had 
been captured and was now on exhibition in Wilmington. 

Dr. H. M. Smith exhibited a recent publication by Dr. R. K. Coebr 
on The fresh water mussels and the mussel industry of the United States, 
published in the bulletin of the Bureau of Fisheries. This paper was 
excellently illustrated and embodied a most thorough and compre- 
hensive treatise on the subject. Dr. Smith also annoimced that the 
steamer Albatross had sailed for a cruise along the South Atlantic and 
Gulf coasts as far as Yucatan. The vessel has been refitted recently 
with greatly improved apparatus. He also remarked that a recent 
communication from the agent of the Bureau of Fisheries on St. George 
Island, Alaska, announced the finding of a dead specimen of the bearded 
hair seal [Erignathus barbatus (Brxleben)] on the beach. The animal 
measured 93 inches long and appeared to be very old. 

Rear Admiral Baird exhibited an interesting collection of sea-weeds 
made thirty years ago by Mrs. Baird under the instruction of the elder 
Vbrrill. 

The regular program was introduced by the President, Dr. H. M. 
Smith, who stated that the present meeting was to be celebrated as the 
sixth meeting-centenary of the Society. The Biological Society was 
founded on December 3, 1880, with 44 founders and original members. 
With 35 of these the speaker had had personal acquaintance. The 
custom had arisen of setting aride each hundredth meeting of the 
Society as a commemorative meeting, of which the present was the 
sixth. The fimt commemorative meeting (one hundredth meeting) 
had taken place on November 27, 1886, with Dr. G. Brown Goode 
in the chair, and the fifth on October 19, 1912, at Plummers Island, 
Maryland, where the Society had been entertained by the Washington 
Biologists’ Field Club. 

The Secretary then read a letter from Dr. F. A. Lucas congratulating 
the Society upon the occasion and regretting his inability to be present. 

Dr. L. 0 . Howard presented a paper entitled Early days of the So- 
ciety. The speaker remarked that in 1880, at the time of the formation 
of the Biological Society, Boston was considered the scientific center of 
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the United States and the present-day concentration of scientific 
workers in Washington was just beginning The first meeting of the 
Society was held in the home of an entomologist, C. V. Riley, and the 
first paper presented was by an ichthyologist, T. H. Bean. A number 
of incidents of early days were related, among which was one of the 
attendance on May 8, 1897, of Theodore Roosevelt, then Assistant 
Secretary of the Navy. Mr. Roosevelt came to discuss a recent com- 
munication by Dr. Merriam on the classification of mammals. In 
closing, Dr. Howard remarked that with the increased number of special- 
ists other bodies had been organized as offshoots from the parent 
Biological Society and that more of these were coming in the future. 
All were united, however, in desiring long life and prosperity to the 
original organization. 

The second paper, by Dr. W. H. Dall, was entitled Remtmscences. 
Dr. Dall related that in 1880, in company with T. H. Bean, he was 
engaged on a survey of the Alaskan coast in the vessel Yukon. He 
returned to Washington December 31, 1880, and was elected to mem- 
bership in the Biological Society in January, 1 88 1 . The first paper read 
at a meeting of the Society was by T. H. Bean on resuite obtained on 
this voyage of the Yukon j while the second was a presentation of Ward’s 
Flora of the D%str%ct of Columbia. Other incidents of great interest 
regarding the early days of the Society were given and the speaker 
closed by remarking that in his opinion no other society had contributed 
more toward the advancement of the study of biology in North America. 

Dr. T. S. Palmer continued the regular program with a discussion of 
The 'Proceedings:' The speaker stated that with the current year 
the Proceedings of the Biological Society of Washington will have com- 
pleted thirty-two volumes that have averaged from one hundred to two 
hundred pages each. The series now has covered approximately five 
thousand pages. The first six volumes include addresses made before 
the Society as well as other matter. The character of the publication 
was then changed to its present form, a series of brochures compriang 
short papers and brief notes that deal with new and original contribu- 
tions in systematic 2oolog3c^d botany; while one brochure, published 
at the close of each year, gives a brief synopsis of the regular meetings 
of tlie Society. The Proceedings have att^ed such importan^ 
that workers in systematic biology find it essential to have the set avail- 
able for reference. . ^ o 

Discussion of these three papers followed, by H. M. Smith, M. B. 
Waite, W. P. Hay, and David White. 

Alexander Wetmore, Recording Secretary pro Urn 



SCIENTIFIC NOTES AND NEWS 

Dr. Artititr E. Day, Director of the Geophysical Laboratory, Car- 
negie Institution of Washington, gave the public lecture at the annual 
meeting of the trustees of the Institution in Washington, on December 
II, 1919. The subject of tlie lecture was “The War Work of the 
Geophysical Laboratory.” 

Rear Admiral James Milton Flint, U. S. N. (Retired), a charter 
member of the Academy, died at his home in Washington on November 
21, 1919, in his eighty-second year. Admiral Flint was bom at Hills- 
borough, New Hampshire, February 7, 1838. He entered the United 
States Navy as assistant surgeon in 1862, and became medical director 
of the Navy in 1897, retiring from the service in 1900. During his ser- 
vice witli the Navy he was connected at various periods with tlie U. S. 
Fish Commission (188^-1887), and with the Smithsonian Institution 
and National Museum as curator of the Division of Medicine. 

Mr. William M. Hall, assistant forester in the Forest Service, re- 
signed on November 24 after twenty years of forestry work. He has 
become a partner in an enterprise established in Chicago to handle land 
exchanges. 

Major Henry Lbe Higginson, one of the trustees of the Carnegie 
Institution of Washington, died at Boston, Massachusetts, on November 
hi his eighty-fifth year, 

Mr. C. H. Kidwell has been appointed chief of the Quality-of-Water 
Division of the Water Resources Branch, U. S. Geological Survey, as 
successor to Mr. A. A. Chambers, resigned. 

Dr. Otto Klotx, Director of the Dominion Observatory, Ottawa, 
has been appointed the representative of Canada on the “Committee 
on Magnetic Surveys, Charts and Secular Variation” of the International 
Geodetic and Geophysical Union, recently formed at Brussels. 

Mr. E. C. McKelvy, of the Chemical Division of the Bureau of 
Standards, died at Emergency Hospital on November 29, 1919, in his 
thirty-sixth year. His death resulted from bums received on the after- 
noon of November 28, from an explosion of ammonia-condensing ap- 
paratus containing petroleum ether cooled by liquid air. Mr. McKclvy 
was bom at Upper Sandusky, Ohio, May 9, 1884. He joined the staff 
of the Bureau in July, 1907, and was chief of the physico-chemical 
section of the Chemistry Division at the time of his death. His work 
for several years past had been on the physical constants of ammonia 
and other substances used in commercial refrigeration. He was a 
member of the Academy and one of the associate editors of its Journal; 
had been secretary of the Chemical Society since 1915; and was a 
member of the Philosophical Society. 
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Dr. James Dudley Morgan, one of the early members of the Acad- 
emy, died at his home at Chevy Chase, Maryland, on November 21, 
1919, in his fifty-eighth year. Dr, Morgan was bom in Washington 
July 5, 1862. Fe spent most of his life in the practice of medicine in 
Waslungton, being connected at the same time with the Medical School 
of George Washington University, Garfield Hospital, and Emergency 
Hospital. In addition to his memberships in the medical societies, 
he was a member of the Columbia Historical Society, of which he was 
president from 1909 to 1916, and became a member of the Academy 
in 1903, 

Dr. Charles D. Walcott, Secretary of the Smithsoi^ Institution, 
has been elected an associate member of the Acad^mie des Sciences, 
Paris. 

Mr. Ferdinand Wbstdahl, hydrographic and g^etic ^gin^ in 
the Coast and Geodetic Smrvey, died at San Francisco, California, on 
October 25, 1919, in his seventy-seventh year. Mr. Westdahl was bom 
at Wisby, Sweden, January 20, 1843. He entered the Survey as an 
aid in 1867, having been employed previously by the Western Union 
Telegraph Company, Russian extension, as first mate of the bark 
Col Lfi (j tc. At that time he had served on board sailii^; ships in 
every capacity from boy to ordinary seaman, able seaman, second and 
first mate, and sailing master. He was the oldest ofiicer and next to 
the oldest in point of service in the Survey. His work was chi^y 
in hydrography along the Pacific Coast, in Alaska, and in the Philippine 
Islands. 
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ERRATA 



VOLUME IX, 1919 


P. 357, line 26: 

For Humphries 

read 

Humphreys 

P. 433, line 16: 

For ndsperos 

read 

nisperos 

P. 523, line 13: 

For an 

read 

au 

P. 523, line 15: 

Omit"’ 



P. 523, line 24: 

For spirant ' 

read 

spirant' 

P. 523, line 7 from bottom: For 



aifricative tc 


read 

affricative tc 

P. 524, line 6: 

For 

read 


P. 524, line 23; 

For keki'ci'ta'mpen""' read 

kekVci'ta'wipen' 


P. 524, last line footnote Por 
hear a for a, and for *. read hear -a for -a, and for 
P. 535, line 28: For Res. ’76 read Res. 76 

VOLUME Vm, 1918 
P. 108, line 10: For Medical Corps read 

P. 471, line 6 from bottom: For 
trajections read 

P. 475, line 16: For plant read 

P. 478, lines 12 and 15, and p. 479, 
lines 4, 15 and 16: For sight read 
P. 509, Isist line : For Section read 
P. 693, second column, line 4: After 251 add 
VOLUME VI, 1916 

P.226, line 2: For 17th read 

VOLUME V, 1915 
P. 183, last paragraph, line i : For i6th re^ 

P. 390, line 6 : For 40° i ' read 

VOLUME rv, 1914 
P. 556, line 7 of table : For prism i lo read 
VOLUME III, 1913 
P. 226, line 5 : For pi, p2, pn read 


Medical Reserve 
Corps 

trajectories 

plane 

site 

Service 

292. 369. 

i8th 

17th 

44»i' 

010 


P. 229, line i: Add after word “weight:”(or weight ^ in (2)). 
P. 229, line 4: 

For by the least square method read from (3) 

P. 231, line I : For Xi, Xg, Xn, read *2, 

P.231, line 2: For (5) read (2)' 

P. 231, line 3: For (*) read (»’) 

VOLUME II, 1912 

P. 178, line I : For 175 read 176 
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♦Mesozoic, early, and late Paleozoic 
formations of southwestern Mon- 
tana and adjacent parts of Wyom- 
ing. D. Dale Condit. 530. 

Metalliferous deposits. Adolph 
Knopf. 453- 

fMilitary problems, habits of thought 
of a geologist applied to. Kirk 
Bryan. 453» 
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♦Mineral deposits, geology and, of 
Colville Indian Reservation, Wash- 
ington. J. T. Pardse. 315- 

♦Mineral resources of Seward Penin- 
sula, Alaska, George L. Har- 
king tON. 636. 

♦Min'ng in Fairbanks, Ruby, Hot 
Springs, and Tolstoi districts, 
Alaska. Theodore Chapin and 
George L. Harrington. 635. 

Min'ng and mineral deposits in the 
Cook Inlet-Susitna region, Alaska. 
vS. R. Capps, J, B. Mertie, Jr,, 
and G. C. Martin. 633. 

Mining developments in southeastern 
Alaska water-poi^er investigations 
and. G. H. CanPield, Theodore 
Chapin, and R M. Ovbrbeck. 
632. 

♦Montana, northeast, geology of. 
Arthur J. Collier. 531- 

♦Nelchina-Susitna Region, Alaska. 

• Theodore Chapin. 320. 

♦Nenana coal field, Alaska. G. C. 
Martin. 320. 

♦Nesson anticline, Williams County, 
North Dakota, the, A. J. Col- 
lier. 49- 

♦Oil and gas geology of the Birch 
Creek-Sun River area, northwest 
Montana. Eugene Stebxnger. 
443. 

♦Oil and gas prospects of the I^ake 
Basin field, Montana, geology and, 
K, T. Hancock, 50, 

♦Oil conditions and asphalt deposits 
in southwestern Arkansas. Hugh 
" Q , Miser and A. H. Purdue, 104, 

♦Oil fields of Allen County, Kentucky, 
the. KirTLEY F. Mather and 
Eugene Wesley Shaw, 439. 

♦Oil resources, structure and, of Simi 
Valley, southern California. W. S. 
W. Kew. 441. 

♦Oil shale in western Montana, south- 
eastern Idaho, and adjacent parts 
of Wyoming and Utah. D. Dale 
CONDIT. 638. 


♦Oklahoma, southern, geology of 
northeastern Texas and. Lloyd 
William vStephenson. 531. 

♦Ore deposits, geology and, of the 
Tintic mining district, Utah. Wal- 
demar Lindoren, G. F. Loughlin, 
and V. C. Heikes. 316. 

♦Ore deposits, geology and, of the 
Yerington district, Nevada. 
Adolph Knopp. 532. 

♦Ores at Tonopah, Nevada, genesis of 
the. Edson S. Bastin and Fran- 
cis B. Laney. 317. 

fPaleozoic gladatiou in southeastern 
Alaska. Edwin Kirk. 107. 

♦Paleozoic, late and early Mesozoic 
formations of southwestern Mon- 
tana and adjacent parts of Wyom- 
ing. D. Dale Condit. 530. 

♦Paleozoic oscillations, early, newly 
discovered instances of. E. O. 
Ulrich. 297 • 

♦Petroleum and natural gas, evapora- 
tion and concentration of waters 
associated with, R. VAN A. Mills, 

529^ 

tPhenocrysts in granitic intrusions. K. 
L. Hess. 294. 

♦Phosphate and coal, geological re- 
connaissance for, in southeastern 
Idaho and westeni Wyoming. Al- 
fred Reginald Schultz. 3x9. 

♦Platinum-bearing gold placers of 
Kahiltna Valley. J, B. MerTie^ 
Jr. 633. 

♦Potash, Italian leucite lavas as a 
source of. H. S. Washington. 104. 

♦Revillagigedo and Gravitia islands, 
Alaska, structure and stratigraphy 
of. Theodore Chapin. 49. 

fSalt domes of the Gulf Coast, origin 
of the. G. S. Rogers. 291. 

tSalt domes, stratigraphy of the Gulf 
Coastal plain as related to. Eu- 
gene Wesley Shaw. 289. 

♦Salt resources of the United States. 
W. C. Phalen. 600. 

Sedimentation. Eugene Wesley 
Shaw. 513. 
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t 'Singing^’ beach. Frederick B. Geochemistry. Oxidation of lava by 
La Forgr. 500. steam. J. B. Ferguson. 539. 

‘'Strata, new graphic method for de- Geodesy. ‘“Polyconic projections, gen- 
terminixig depth and thickness of, eral theory of. Oscar S. Adams. 
and projection of dip. Harodd S. 552. 

Palmer. 228. Geography. *Alaska, Canning River re- 


tStream piracy, repeated, in the Tolo- 
vana and Hess River Basins, Alaska. 
J. B. MerTie, Jr. 109. 

■“Sulphur deposits and beach placers 
in southwestern Alaska. A. G. 
Maddren. 634. 

■“Texas, northeastern, and southern 
Oklahoma, geology of. Lloyd 
William Stephenson. 53 1 . 

tTravertinc from Rock Creek Park, 
District of Columbia. G. W. Stose. 
292. 

■“Utah, ore deposits, geology and, of 
the Tintic mining district. Wal- 
DEMAR LiNDGREN, G. F. LoUGHLIN, 
and V. C. Heikes. 316. 

tVolcanic explosions, note on. Rob- 
ert B. S03MAN. 296. 

tWater, experience in supplying, to 
our army at the front. Charles 
H. Lee. 452. 

•“Water-power investigations in south- 
eastern Alaska. George H. Cak- 
PIBLD. 632. 

tWells, temperature in some deep, 
in the United States. C, E. Van 
OSTRAND. 382. 

♦Veringtoii district, Nevada, geology 
and ore deposits of the, Adolph 
Knopp, 53 «■ 

•“JCinc ores, oxidhed, of Leadville, Col- 
orado. G. F. Loughlin. 529. 

Sec also Metallurgy, Mineralogy, Petrol- 
ogy, and Volcanology. 

Genetics. "'Hybrids in Egyptian cotton, 
study of. Thomas J. Kearney and 
Walton G. Wells. 199* 

Mendelian inheritance in crosses be- 
tween mass-mutating and non mass- 
mutating strains of Oenothera pra- 
tincola. Frieda Cobb and H. H, 
Bartlett. 462. 


gion, northern. Frnest deK. Lee- 
ring well. 375- 

■‘■Hawaiian Islands, botanical trip to. 

A. S. Hitchcock. 204. 

*Katmai and the Ten Thousand 
Smokes. Robert F. Griggs. 347. 
tSolomon Islands, notes on. W. M. 
Mann. 149 

tTopographic maps, relief shading of. 

F. E. Matthes. 293. 

Horticulture fMuscadine grapes, pro- 
ducing self-fertile Charles T. 
Hearing. 147. 

Inorganic Chemistry. Carbon monoxide, 
carbon dioxide, sulfur dioxide, and 
free sulfur, the equilibrium between. 
John B. Ferguson. 79. 
“Cristobalite and tridymite, the melt- 
ing points of. J. B. Ferguson and 
H. E. Merwin. 103. 

♦Equilibrium between carbon mon- 
oxide, carbon dioxide, sulfur diox- 
ide, and free sulfur, the. John B, 
Ferguson. 79. 

"•Ferric oxides, the hydrated. E- 
POSNJAK and H. E. Merwin. 628. 
♦Fusion and solubility relations at 
high temperatures and pressures. 
George W. Morey. 47. 
♦Magnesia, note on the sintering of, 
John B. Ferguson. 139. 
♦Manganese in the periodic system, 
the place of. F. Russell ^v. Bi- 
CHO'WSKY. 103. 

♦Melting points of cristobalite and 
tridymite, the . J ohn B , Ferguson 
and H. E* Merwin. 103. 
"•Solubility and fusion relations at 
high temperatures and pressures. 
George W. Morey. 47- 
♦Ternary system MgO-AlsO*-6iOj. 

G. A. Rankin and H. E. Merwin. 
46. 
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*Teniary S3retem CaO-MgO-SiOj. J. 
B, Eerguson and H. E. Mbrwin. 
629. 

*Tridymite, melting points of cristo- 
balite and . J ohn B . Ferguson and 
H. E. Merwin. 103. 
*Wollastonite and related solid solu- 
tions in the ternary system CaO- 
Mg0-6i02 J. B. Ferguson and 
H. E. Merwin. 630. 
Interferometry. Dilatations, small or 
differential, the use of the interfer- 
ometer in measurement of C. G. 
Peters. 281, 

Mammalogy. *African, east, mammals, 
in the United States National Mu- 
seum. N. Hoewster. 50, 343. 
fBison, number of, in North America. 
T. S. Paemer. 356. 

‘\Cervus roosevelU. W. P. Taylor. 

355. 

*Napaeozapus, the Wisconsin. Hart- 
ley T. Jackson. 201. 

Mathematics. Rotations in hyperspace, 
note on. Edwin Bidwell Wilson. 
25. 

Strains due to temperature gradients, 
with special reference to optical 
glass. Erskine D. Williamson. 
209. 

Metallurgy. *Aluminum and its light 
alloys. Bureau of Standard Cir- 
cular. 445. 

♦Steel alloy, effect of rate of temper- 
ature change on the transformations 
in‘a, H. Scott, 446. 

♦Tin, conservation of, in bearing 
metals, bronzes and solders. G. K. 
Burgess and R. W. Woodward. 
341. 

Meterology. fBcHpse, solar, of June 8, 
1918, meteorological phenomena of. 
Herbert H. Kimball and S, P, 
Ferguson. 20. 


fTrans-Atlantic flight from the me- 
teorologist's point of view. W. R. 
Gregg. 353. 

Mineralogy, ♦Augite from Stromboli. 
S. Kozu and Henry S. Washing- 
ton. 104. 

Copper silicates, shattuckite and 
plancheite. W, T. SciiallER. 131. 
flron-hydroxide minerals, the. H. E- 
Merwin and E. Posnjak. 108. 
Plancheite and shattuckite, copper sil- 
icates, W. T. SCHALLER. 13 1 
tPotosh-containing marls of the east- 
ern United States. R. H. True. 
146. 

♦Stromboli, augite from. S. Kozu 
and H. S. Washington. 104. 
Mycology. ♦Apple scald. Charles 
Brooks, J. S. Cooley, and D. F. 
Fisher. 378. 

♦Citrus-canker, susceptibility of ruta- 
ccous plants to. H Atherton Lee. 
376. 

^Cortmarius, the genus. C H. Kauf- 

MANN. 415. 

*Cronartium ribicola, parasitism, 
morphology and cytology of. Reg- 
inald H. Colley. 377. 
♦Physoderma disease of com. W. H. 
Tisdale. 378. 

*Rhizoctoma in lawn.s and pastures. 
C. V. Piper and H. 8. Coe, 329. 

Navigation. ♦Altitude, azimuth, hour 
angle. G. W. Littlehales, 232. 
♦Altitude of celestial body, instru- 
mental means to enable the navi- 
gator to observe, when horizon is 
not visible. G. W. Littelhales. 
231. 

♦Chart as a means of finding geo- 
graphical position by observations 
of celestial bodies in aerial and 
marine navigation, the. G. W, 
Littlehales. 233. 
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Necrology. § Adams, Henry, 344. Ames, 
Howard E., 83. Baird, Andrew, 83. 
Baker, Frank, 344. Barrell, Joseph, 
330. Becker, George Ferdinand, 
300. Boyd, Charles Harrod, 239. 
Brown, vStephcn C., 425. Clark, 
Alonzo Howard, 83. Flint, James 
Mdtoti, 660. Gilbert, Grove Karl, 
344. Graves, Herbert C., 426. 

Hearst, Mrs. Phoebe Apperson, 
271. lligginson, Henry Lee, 660 
Jacobi, Abraham, 456, Jennings, 
A, R., 8i, Kelly, T>. J., 648. 
Knab, Frederick, 54. Kubel, 
Herbert Graham, 56. I^antz, 
D. J^., 54. Lee, Charles F., 536. 
Long, John Harper, 344. Mabbott, 
Douglas C., 34- McKclvy, Ernest 
C., 660. Morgan, James Dudley, 
661. Page, Logan Waller, 24. 
Phillips, William Battle, 344. 
Pickering, Edward Charles, 152 
Rathbun, Richard, 344. Rit- 
ter, Homer P,, 301. Sabine, Wal- 
lace Clctneut, 84, Straughn, M. N., 
tin. Van Xllse, Charles Richard, 
344. Westdahl, Ferdinand, 661. 
Williams, Henry Shal&, 344. Wil- 
son, John Moulder, 152. 

Nutrition. efficiency in the 

United vStates army. John R. 
Mvrlin. 347, 

Optics. fAnncaling range, some char- 
acteristics of optical glasses in. A. 
Q. Tool, and J. Vai^sUk. 349, 
fGlass, auncaling of. L. H. Adams. 
35 *. 

*Glttss, optical, conditions accompany- 
ing the striae which appear as im- 
perfections in. A. A. Micnm<S0N. 
34 *. 

Strains due to temperature gradients 
with special reference to optical 
glass. P^RSKlNa D. Wir<tIAMSON. 
209. 

Trigonometric computation formulae 
for meridian rays. P. V. WstLS. 
181. 


Ornithology. A. O. U, Checklist of North 
American birds, fourth annual list 
of proposed changes in. Harry C. 
ObRRHOIvSER. 557. 

♦Attract birds in the East Central 
states, how to. W. L. McAtsa. 
411. 

♦Attracting birds to public and semi- 
public reservations. W. L. 
McAteb. 322. 

♦Bittern, little yellow, a new sub- 
species of, from Philippine Islands. 
Alexander We'tmore. 321. 
♦Bones of birds collected by Theodoor 
dc Booy from kitchen-midden de- 
posits ill St. Thomas and St. Croix. 
Alexander WstMORB. 322. 
Bucerotidae, diagnosis of a new genus 
of. Harry C. Oberholser. 167. 
♦Bullfinch, new, from China. J, H. 
Riley. 19. 

♦Celebes and Java, six new birds from. 

J. H. Rilev. 499* 

♦Celebes, two new genera and eight 
new birds from. J. H. Riley. 
4 * 3 . 

♦Colombian birds, description of new. 

W. E. Clyde Todd. 49S, 
*ComruSt description of a new, from 
Andaman. Harry C. Oberhol- 
ser. 499. 

Copkixus Oberholser, gen. nov. 13. 
♦Crow and its relation to man, the. 

IL R. Kalmbacil 52. 

•Crows, migration of. Harry C. 

Oberholser. 498. 

*Cyanolacmus clmenciae, new sub- 
species of. Harry C, Oberholser. 
336. 

♦Duck sickness in Utah, the. Alex- 
ander Wbtmore. 323. 

♦Ducks, mallard, food habits of the, 
W. L. McAtee. 410. 

♦Food habits of mallard ducks. W. 
L. McAtee. 4x0. 

♦Food habits of swallows. F. E. L. 
Beal. 51* 
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♦Glacier National Park, birds of. 

ThORBNcn Merriam Bailey. 321. 
Grandalidaet a new family of turdine 
Passeriformes. Harry C. Ober- 
HOLSER. 405. 

♦Gull, description of a new race of 
western. Jonathan Dwight. 499. 
*Icteridae, structure of palate in the. 

Alexander Wetmore. 497- 
*Iola, description of a new, from 
Anamba Islands. Harry C. Ober- 
HOLSER. 41 1. 

♦Java, Celebes and, six new birds 
from. J. H. Riley. 499. 

♦Junco from Lower California, an in- 
teresting new. Harry C. Ober- 
HOLSER. 55 ^>* 

*LaniiiSt description of a new, from 
Lower California. Harry C. Ober- 
HOLSER. 326. 

♦Larks, homed, migration of. Harry 
C. Oberholser. 321. 

*Larus hyperhoreus, the subspecies of. 

Harry C. Oberholser. 409. 
♦Martins, migration of. Harry C. 

Oberholser. 201. 

♦Migration of North American birds. 
Harry C. Oberholser. II. Scar- 
let and Louisiana tanagers, 325; 

III. Summer and hepatic tanagers, 
martins and bam swallows, 201; 

IV. Waxwings and Phainopepla, 
412; V. Shrikes, 409; VI. Homed 
larks, 321; IX. Crows, 498. 

♦Mutanda omithologica. Harry C. 

Oberholser. IV, 325 ; V, VI, 555- 
^Nmnus, notes on wrens of the genus. 

Harry C. Oberholser. 496. 
♦North American birds, notes on. 
Harry C. Oberholser. V, 51; 
VI, 324; VII. 554. 

*Nyctibius, anatomy of, with notes 
on allied birds. Alexander Wet- 
more. 41 z. 

fNuthatches, tameness of red-breasted. 
Paul Bartsch. 656. 


*Ochthodromiis, plover genus, and its 
nearest allies. Harry C. Ober- 
holser. 55^>. 

♦Oklahoma, birds observed near Min- 
co, central. Alexander W etmorE. 
202. 

*Orckili{S, status of the genus. 
Harry C. Oberholser. 4^2. 

*PassereUa iHaca, three new subspecies 
of. H. S. SwARTH. 412. 

Passeriformes, pycnontiiie, a new fam- 
ily of. Harry C. Oberholser. 14. 

fPelican, brown, Alexander WeT- 
more. 419. 

♦Phainopepla, migration of, Harry 
C. Oberholser. 412. 

*Pirart^a hepatica, new subspecies of. 
Harry C. Oberholser. 556. 

Platycorax Oberholser, gen. nov. 167. 

♦Plover genus Ochthodronius and its 
nearest allies. Harry C. Ober- 
holser. 556. 

tPribilof Islands, Alaska, additioxis to 
avifauna of, including species new 
to North America, G. Dallas 
Hanna. 176. 

*Puffinus, notes on the genus. Harry 
C. Oberholser. 202. 

♦Ravens, the common, of North 
America. Harry C. OberholsER. 
201. 

"^RhinochUus jubatus, T. S. Palmer. 
356- 

^Rynchops niger, pupils of eyes of. 
Alexandi«r Wetmore. 356. 

♦Sacramento Valley, California, bird 
records from. Alexandi^r Wet- 
more. 497. 

♦Saint Matthew Island bird reserva- 
tion, summer birds of. G, Dallas 
Hanna. 327. 

"^Sauropatis Moris, revision of sub- 
genus of the white collared king- 
fisher. Harry C. Oberholser. 
557. 

♦Shrikes, migration of. Harry C. 
Oberholser. 409. 
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^Siberia, northeastern, annotated cata- 
logue of birds collected by Copley 
Amory, Jr. J. H. RilBy. 326. 

“Sparrow, new seaside, from Florida. 
Arthur H. Howri^I/. 497. 

*Spizix 7 dae, new family of pycnontine 
Passeriformes. Harry C. Obsr- 
HOLSSR. 14. 

•Sumatra, southeastern, birds col- 
lected by W. L. Abbott on Pulo 
Taya, Berhala Strait. Harry C. 
Ob]^tto1/SSr. 495. 

•Swallows, barn, migration of. 
Harry C. Obsrhouser. 201. 

•Swallows, food habits of. F. B. L. 
Bkai,. 51. 

•Tambelan Islands, south China Sea, 
birds of. Harry C. OberhoI/SER. 
495 * 

•Tanagers, scarlet and Louisiana, 
migration of. Harry C. Ober- 
HOUSER. 325. 

'Tanagers, summer and hepatic, mi- 
gration of. Harry C. Oberhol- 
SER. 201. 

*ToxoUoma redivimmu revision of 
races of, Harry C. Oberhower, 
19 - 

•Washington city dooryard, birds of. 
Harry C. Oberhoi<ser. 496. 

•Washington region. [Birds ob- 
served.] Harry C. Oberhoeser. 
325, 413, 554. 

•Waterfowl, Swan l<ake, Nicollet 
Cotinty, Minnesota, as a breeding 
ground for. Harry C. Oberhoe- 
SER. 19. 

•Waxwings, migration of. Harry C. 
OBERnOESER. 412. 

•Wrens of the genas NannuSf notes 
on. Harry C. Oberholser. 49C. 

Fakoittology. tCanid, from the Cum- 
berland Cave deposits, notice of a 
large. James WnyWAM GioifEY. 
287. 

Foot, primitive mammalian, signid- 
cance of divergence of first digit in. 
James Wielxam Gideev, 273- 


•Foraminifera, Pliocene, of the Coast 
al Plain of the United States 
Joseph Augustine Cushman. 328. 

Fossils collected by G. Dallas Hanna 
in St. Paul and St. George Islands, 
Bering Sea. Wiluam H. Daue. 2. 

Fossils from Pribilof Islands, some 
Tertiary. WmuiAM H. Dau,. i. 

Maize, fossil, description of a new 
species from Peru. Frank H. 
KnowIvTon. 134. ■ 

fPaleontology, present tendencies in. 
B. W. Berry. 382. 

•Pliocene Foraminifera of the Coastal 
Plain of the United States. Joseph 
Augustine Cushman. 328. 

fToothed birds of Kansas, discoverer 
of. T. S. Paumer. 657. 

’•Trilobite, appendages of. Charges 
D. Waecott. 229. 

Zea antique, n. sp. Frank H. Knowe- 
TON. 134. 

Pathology, t^nllucnza. M. W. Byon, 
Jr. S.*?. 

Petrology. Clays, microscopic examina- 
tion of. R. B. Somers. 113. 

fPhcnocrysts in granitic intrusions. 
F. D. Hess. 294. 

Physical Chemistry. Acidity and alk- 
alinity, the statement of, with 
special reference to soils. Bdgar 
T. Wherry. 305. 

•Chemical equilibrium, laws of. Br 8- 
KiNE D. WmuAMSON and George 
W. Morey. 47. 

•Color of inorganic compotmds, the. 
F. Russell v. Bichowsky. 78. 

•Compressibility of solids, determina- 
tion of, at high pressures. H. 
Abams, B. D. Williamson, and 
John Johnston. 598. 

•Bquilibrium, chemical, the laws of. 
Brskine D. Williamson and 
■ George W. Morey, 47. 

•Monovariant systems, pressure-tem- 
perature curves in. George W. 
Morey and Erskine D. William- 
son. 48. 
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Mustard ''gas/' some physical con- 
stants of, lyiSASON H. Adams and 
Erskin® D. WnxiAMSON. 30. 

Soils, the statement of acidity and 
alkalinity, with special reference to. 
Edgar T. Wherry. 305* 

Solids, nature of the forces between 
atoms in. R. W. G. Wyckoer. 
565- 

♦Sulfur dioxide, thermal dissociation 
of. J. B. Ferguson. 599. 

Physics. tAtmospheric-electric observ- 
ations made during the solar eclipse 
of June 8, 1918, some results of. 
S. J. Mauchey. 269. 

*Baum6 scale for sugar solutions, new. 
Frederick Bates and H. W. 
Bearce. 169. 

♦Calorimetric lag. Wai,ter P. White. 
46. 

♦Calorimetric precision, the conditions 
of. Walter P. White. 103. 

♦Electric furnace, temperature uni- 
formity in. John B. Ferguson. 80. 

tForces, ‘^physical** vs. “chemical.” 
P. V. WEifi^s. 361. 

Glass, relation between birefringence 
and stress in several types of. 
B. H. Adams and E. D. Wiixiam- 
SON. 609. 

♦Heat convection in air, and Newton's 
law of cooling. W, P. White. 17- 

tlnvar, comparison of, with steel, as 
shown by the rates of high grade 
watches. A. F. Bead. 643. 

fMagnetic analysis. R. L. Saneord. 
450 - 

fMagnetic observations during the 
solar eclipse of June 8, 1918, results 
of. U. A. Bauer. 22. 

fMagnetized elliptic homoeoid, the 
held of a uniformly, and applica- 
tions. L. A. Bauer. 267. 

♦Newton's law of cooling, heat con- 
vection in air, and. Wadter P. 
White. 17- 


♦Photoelectric properties of molyb- 
denite. W. W. CoBDENTz and H. 
KahdER. 553- 

Photoelectric sensitivity of molyb- 
denite, the spectral. W. W. COB- 
DENTz and H. KahdER. 537- 
♦Planck radiation law, necessary 
physical assumptions underlying 
proof of. F. RussELD v. Bichow- 

SKY. 18. 

^Platinum, specific heat of, at high 
temperatures. Wadter P. White. 
17- 

fSolids, change of state in. W. P. 
White. 351- 

♦Specific heats at high temperatures, 
the general character of. Wadter 
P. White. 46. 

♦Specific heat determination at higher 
temperatures. Wadter P. White. 
598. 

"Silicate specific heats. Second series. 

Wadter P. White. 627, 

♦Sugar solutions, new Baum6 scale 
for. Frederick Bates and H. W. 
Bearce. 169. 

♦Temperature and strain distribution 
in glass. E. D. Widdiamson. 349- 
♦Temperature distribution in solids 
during heating or cooling. K. D. 
WiDDiAMSON and B, H. Adams. 
626. 

♦Temperature miiformity in an elec- 
tric furnace. John B. Ferguson. 
80. 

♦Thermal expansion of molybdenum, 
preliminary determination of. 
Ldoyd W. Schad and Peter llm- 
nert. 341. 

fTime intervals, measurements of 
short. H. L. Curtis imd R. C. 
Duncan. 64 j. 

♦Ultra-violet and total radiation, the 
decrease in, with usage of quartz 
mercury vapor lamps. W. W. 
CoBDENTz, M. B. lyONG and H. 
Karder. 169. 
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Phytochemistry, *Odorous principles of 
plants, distribution and characters 
of Fredijrick B. Power. 379. 

Phytopathology. canker, eradi- 

cation of. Kari, F. Kei^lerman. 
143 

♦Foreign seed and plant introduction, 
phytopathologic problems in their 
relation to. Beverly T Gallo- 
way. 198. 

♦Mosaic disease of tobacco, effects of 
salts, adds, germicides, etc., upon 
virus causing. K. A. Ali^d. 173. 

tRust, black stem, and the barberry. 
G. D. George. 416. 

♦Wheat, a serious eelworm or nema- 
tode disease of. h. P- Byars. 174. 

Plant Physiology. Carbon monoxide, a 
respiration product of Nereocystis 
lueikeana. SeYh C Langdon and 
W. R. Gailey. 560 

fLight, artificial, plant responses 
under L C. CoRBETT. 148. 

llPythinm debaryanum, on potato 
tuber, physiological study of. Lon 
A. Hawkins and Rooney B. Har- 
vey. 415. 

Radiotelegraphy. Antenna capadty, cal- 
culation of. L. W. Austin. 393. 

Coil antennas in radiotelegraphy, 
quantitative experiments in, L. W. 
Austin. 335- 

♦Prindples of radio transmission and 
reception with antenna and coil 
aerials. J. H. Dellinger. 641. 

Sanitation, dothing, experi- 

ments with steam disinfection in 
destroying. R. H. Hutchinson. 
418. 

Science, General. After-war period 
science and the. George K. Bur- 
gess. 57. 

SCongress, matters of sdentific in- 
terest in the Sixty-Sixth. 421, 454, 
533; 64s. 

§Govemmcnt Publications, guide to 
United States. W. I. Swanton. 
24. 


§Intemational sdentific organizations. 
388. 

§Map-making conference 605. 

§National Research Coundl. 302,331. 

§Scientific and technical workers, 
union of 303, 390, 

§Scientific supplies, tariff on. 389. 

Scientific Notes and News. 24, 56, 83, 

1 12, 151, 179, 207, 239i 271, 299; 
330, 359, 388, 421, 454, 503, 535; 
562, 605, 645, 660. 

Spectrophotometry. ♦Eye-protective 
glasses, ultra-violet and visible 
transmission of. K. S. GiBSdN and 
H. J. Nicholas^ 380. 

Spectroscopy. ♦Neon, measurements of 
wave-lengths in the spectrum of. 
Keivin Burns, W. F. Meggers, 
and P. W. Merrill. 170. 

fPhotography of the red and infra- 
red solar spectrum. W. F. Meg- 
gers X40. 

Technology t Airplane construction, de- 
fects in wood in relation to. J. C. 
Boyce. 146 

♦Aluminum, soldexs for. Bureau of 
Standards Circular. 342. 

♦Displacement of commodities, table 
of unit. Bureau of Standards 
Circular. 342. 

Indicating instruments, the determin- 
ateness of hysteresis of. F. J. 
SCRLINK. 38. 

tMeasuring instruments, on the nature 
of inherent variability of. F. J. 
ScHLiNK. 449. 

♦Silica refractories. Donald W. 
Ross. 381. 

♦Solders for aluminum. Bureau of 
Standards Circular. 342. 

♦Steel, tlie microscopical features of 
"flaky.'' Henry S. Rawdon. 286. 

♦Tiles, hollow building, tests of. 
Bernard H. Hatbcoce and Ed- 
ward Skillman. 343. 

♦Toluol recovery. R. S. McBride, 
C. E. Reinicker, and W. A. Dunk- 
LEY. 203. 



688 


SUBJECT INDEX 


Terrestrial Magnetism. 1 Eclipse, solar, 
of June 8, 1918, results of magnetic 
observations during. E. A. Bauer. 
22. 

Vital Statistics. *Birth rate and death 
rate, relation between, and rational 
basis of empirical formula for mean 
length of life. Alfred J. Uotka. 

53. 

Volcanology. fBxplosions, volcanic, 
Note on, Robert B. Sosman. 296. 

tBumaroles, temperature inversions 
in the, of Valley of Ten Thousand 
Smokes, Alaska. Robert B. Sos- 
man. 292. 

tKatmai and the Ten Thousand 
Smokes. Robert K Griggs. 347. 

’‘Volcano, representation of, on Italian 
renaissance medal. Henry S. 
Washington. 105. 

Zoogeography. Discontinuous distribu- 
tion among the echinoderms. Aus- 
tin H. Clark. 623. 

*I/ife zone investigations in Wyoming. 
Merritt Cary, 533. 


Zoology. Arctic, recent zoological ex- 
plorations in the western. Ru- 
dolph Martin Anderson. 312, 
t356 

tCerion breeding, results in. Paul 
Bartscii. 657. 

\Dallia pectoralis, Alaska's most lu- 
markablc fish. K. W. Nelson, i 78. 

Holopus, the systematic position of 
the crinoid genus. Austin H. 
Clark. 136. 

fMaximilian, Prince of Wied, oil the 
Upper Missouri in 1833. Vernon 
Bailey, 419. 

Philippine Island laudshells of the 
genus Platyraphe. Paul Bartscii. 
649. 

’Wertebrate zoology, the criterion of 
subspccific intcrgradatioii in. 
Harry C. Oberholser, 200. 

tWood tortoise, exhibition of a young 
specimen of. R. W i^nuPLLDT. 
656. 

tWood tortoise, occurrence of. Wm. 
Palmer. 656. 
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